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SOME INSECTS INJURIOUS TO FORESTS. 


THE WESTERN PINE-DESTROYING BARKBEETLE. 


(Dendroctonus brevicomis Lec.)@ 


By J. L. Wess, 
Special Field Agent, Forest Insect Investigations. 


INTRODUCTION. 


The object of this paper is to give available information on this 
insect and methods of combating it, with special reference to the 
results of investigations by the writer during the summer of 1905 in 
central Idaho. 

The need of the investigations was suggested in a letter dated 
August 10, 1904, from Mr. Gifford Pinchot, forester of the U. S. 
Department of Agriculture, to Dr. L. O. Howard, chief of the Bureau 
of Entomology, as follows: 

Tlearn from the Payette Lumber and Manufacturing Company, one of the Weyerhaeusers, 
whose land lies on the Payette River north of Boise, that the pine in their holdings is said to 
be dying from the attacks of insects. If it were possible for you to assign Doctor Hopkins, 
or one of his assistants, to make examination of this region, unless it has already been done, 
Ishould greatly appreciate it, and I should likewise appreciate your sending to Mr. Edgar M. 
Hoover, general manager of that company at Boise, any information you may have bearing 
on this subject. 

In response to this request the matter was referred by Doctor 
Howard to Dr. A. D. Hopkins, in charge of forest insect investigations, 
for attention, and Mr. H. E. Burke, an assistant, was instructed to 
make preliminary investigations in October of the same year. In May, 
1905, the writer was assigned to this work, with instructions from Doc- 
tor Hopkins to make a detailed study of the forest insects of the region, 
with special reference to determining the following points: (1) The 
relation of the several species of insects to the dying of the trees; (2) 
the number of species involved, the relation of each to primary and 
secondary attack, and the life histories of the primary and secondary 
enemies; (3) the extent of the infested area, the percentage of timber 
killed each year during the past two or three years within given areas, 
the approximate losses, etc.; (4) the relation of logging operations to 


a Order'Coleoptera, family Scolytide. 
17 
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depredations by insects in adjoining forests, and the relation of time 
of felling timber in regular logging operations to attack by Dendroc- 
tonus and other bark and wood boring insects. 

Accordingly, investigations were begun by the writer on May 17, 
1905, with headquarters at Centerville, Idaho, and continued until 
October 10, 1905. 


DEATH OF THE PINE CAUSED BY THE WESTERN PINE- 
DESTROYING BARKBEETLE. 


Observations by the writer served to confirm the conclusion of Mr. 
Burke that the primary enemy was a barkbeetle identified by Doctor 
Hopkins as the western pine-destroying barkbeetle (Dendroctonus 
brevicomis Lec.). 


CHARACTER OF THE INSECT AND ITS WORK. 


The adult insect is a stout, brownish-winged beetle (fig. 7) from 
one-eighth to three-sixteenths inch in length, which attacks the living 
trees in swarms, and 
burrows into the living 
bark, through the inner 
layer of which- each 
female excavates wind- 
ing galleries (fig. 8 and 
Pls. TI, IIT) in which to 
deposit eggs. These 
galleries serve to cut off 
the natural movement 
of the sap and com- 
pletely girdle and kill 
the tree. In the vicinity 


Fic. 7—The western pine-destroying barkbeetle (Dendroctonus of Centerville, Idaho, 
brevicomis): a, adult female; db, ¢, d, details of punctuation; e, the eggs, deposited dur- 
adult male. Natural size at left (original). ing June July or Au- 

Oo ? ? 

gust, in little niches in the sides of the galleries, hatch within 4 or 

5 days into small whitish larve (fig. 9), which mine at right angles 

from the primary gallery through, the outer layers of the inner bark 

until they have completed their growth, which requires from about 

20 to 30 days. They then bore into the outer corky bark (fig. 12, a) 

where they excavate little cells in which to transform, first to the pupa 

(fig. 10) and later to the adult. When the broods of the first genera- 

tion have thus developed—in about 60 or 70 days—they bore out 

through the bark and fly to other trees to repeat the process and con- 
tinue their depredations. 

The presence of this destructive insect in a forest is indicated (1) by 
dead and dying trees scattered about or in clumps or large patches. 

(The dying ones, with fading yellowish and reddish foliage, are called 
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WoRrK OF THE WESTERN PINE-DESTROYING BARKBEETLE IN BARK, 
REMOVED FROM KILLED TREE; ALSO FAINT MARKS ON SURFACE 
OF Woop. (ORIGINAL.) 


Bul, 58, Bureau of Entomology, U.S. Dept of Agriculture. PLATE III. 


WORK OF THE WESTERN PINE-DESTROYING BARKBEETLE, REMOVED 
FROM KILLED TREE. (ORIGiNAL.) 
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“sorrel tops,” and the dead ones, with reddish-brown foliage, are 
called ‘‘red tops,” or, if with bare branches or broken tops, are known 
as “black tops” or “broken tops;’’* (2) by small masses of resin 
(pitch tubes, figs. 
11 and 12, c) in 
the crevices of the 
bark of recently 
attacked living 
trees, as well as 
in those of the 
dying and dead | if 
ones; and (3) the \! 

presence of the tid 

species is deter- a 


mined by remov- Fig. 8.—The western pine-destroying barkbeetle (Dendroctonus brevi- 
comis): Galleries in the inner bark. (Original.) 
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ing the bark from 
the dying and dead trees and finding the characteristic galleries (fig. 
8 and Pls. II, III). 

It must be remembered, however, that there are many different 
kinds of insects, some of them closely resembling the destructive 
species, always found in dying pine trees. Therefore, for the general 
observer to be positive in the matter, specimens of insects and work 
should be sent to the Bureau of Entomology for authentic identifi- 
cation. . 

DISTRIBUTION. 

The insect is found in southern Idaho throughout, and its range 
extends to the northern part of the State. It is recorded from Cali- 
fornia, Oregon, and eastern and western Washington, and, according 
to Doctor Hopkins, a variety occurs in Arizona and New Mexico and 
attacks the western yellow pine (Pinus ponderosa) and the sugar pine 
(Pinus lambertiana). 


EXTENT OF DAMAGE AND LOSSES. 


With our present knowledge of the destructive work of this insect, 
it is evident that a vast amount of timber has been killed by it during 
the past ten years within the range of its distribution. It is estimated 
that each year for the past two or three years, from 2 to 5 per cent of 
the matured standing bull pine timber within the section investigated 
in the summer of 1905 has died as the result of its ravages. 


POSSIBILITIES OF PREVENTING LOSSES. 


With our additional knowledge of the life history and habits of the 
beetle, we are able to suggest practical methods of controlling it and 
of preventing a large percentage of the losses heretofore caused by its 


depredations. , 


a See Bul. 56, Bur. Ent., U. S. Dept. Agric. The Black Hills Beetle. 
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EARLY HISTORY OF THE SPECIES. 


LeConte, in 1876, described the species under the name Dendroc- 
tonus brevicomis from a single specimen collected in middle California. 
Dietz, 1890, considered D. brevicomis the same as the southeastern 
species, D. frontalis Zimm. Hopkins, 1899, concluded that it was 
distinct from D. frontalis, and therefore that the old name should be 
retained. 

It appears that previous to 1899 nothing had been recorded in 
regard tothe habits and life history of this insect, and that, therefore, 
the earliest records were made in 1899 
by Hopkins, who found it associated 
with dying sugar pine and western yel- 
low pine at McCloud, Cal., on April 21, 
1899, and the next day at Grants Pass, 
Oregon, with several hundred pine trees 
which had evidently died from its attack. 
On May 20, also, at Buckeye (near Spo- 
kane), Wash., many trees were found 


Fic. 9.—The western pine-destroying - a 5 z 
barkbeetle (Dendroctonus brevicomis) : which were dying, or had died, as evl- 


Larva, Line below represents natural qdenced by the abundance of the insects 


length (original). : 
ie ae and the extent of their work, and onJune 


6, at Cedar Mountain, Idaho, Doctor Hopkins found it in the bark of 
pine trees which had been defoliated the previous year by the cater- 
pillars of the pine butterfly (Neophasia menapia Feld.). He found 
also that this beetle was quite intimately associated with the destruc- 
tion of a large amount of timber only partly defoliated by the cater- 
pillars. 

Under his discussion of the principal scolytid enemies of the forests 
in the Northwest, Doctor Hopkins refers to this species as follows:* _ 


Dendroctonus brevicomis Lec. was found to be a most destructive enemy of the yellow pine 
(Pinus ponderosa) in northern California, southern and eastern Oregon, northeastern 
Washington, and western Idaho. A large amount of some of the finest timber in all of 
these localities had died within the past seven or eight years, evidently as a direct result of 
attacks by this bark beetle —1t was also found to attack and prevent the recovery of trees 
injured by defoliating insects and other causes. Its habits and the character of its galleries 
appear to be identical with those of Dendroctonus frontalis, which is noted for its destruction 
of vast quantities of pine and spruce timber in West Virginia and adjoining States between 
1890 and 1893. It is killmg the western yellow pine just as D. fronialis commenced to kill 
the eastern yellow pine (Pinus echinata) before it spread to all the other pines and spruce. 
Therefore, just as D. frontalis has proven to be the most destructive enemy of eastern 
conifers, the western representative of this species will doubtless prove to be, under similarly 
favorable conditions, equally as destructive to Yhe western forests in which the conifers 
predominate. . 

Among the most important features observed regarding the habits of this beetle was the 
fact that it is attracted to trees girdled by settlers and farmers in the process of clearing land, 
and that in the bark of such trees it breeds and multiplies in sufficient numbers to enable it 


@ Bul. 21, n.s., Div. Ent., U.S. Dore, A; 
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to attack and kill the timber in adjoining healthy forests. Indeed, my observation leads me 
to conclude that a considerable number of girdled pine trees may easily form a nucleus for a 
destructive invasion by it. 
In the same bulletin, under the head of “The western yellow pine,” 
he says: 
It has in Dendroctonus brevicomis a most pernicious enemy, which penetrates and exca- 
vates winding galleries through the living bark of the finest trees, thus speedily causing their 


death. Very many trees have died and are dying from this cause, and the dead ones are 
contributing to the spread of forest fires. 


Specimens of the insect and its work occupied a prominent place in 
the exhaustive exhibit of insect enemies of forests and forest products 
at. the Louisiana Purchase Exposition at St. Louis, in 1904, and the 
Lewis and Clark Centennial Exposition at Portland, Oregon, in 1905, 
and were referred to in the catalogues of the exhibits by the Bureau 
of Entomology.* 


OBSERVATIONS BY HOPKINS, 1899-1904. 


The following summary relating to this species, prepared by Doctor 
Hopkins from his field notes, includes many facts which have not been 
published and which have a direct bearing on the life history and 
habits of the species in different sections of the country where it is 
found: 

McCloud, Cal., April 21, 1899.—Work and dead adults were dis- 
covered in a sugar pine log, evidently from a tree which was dying 
when felled; also dead parent adults in primary galleries, and larvee and 
pup abundant in outer bark of large dying western yellow pine with 
the characteristic appearance of eastern pines when dying from the 
attack of the destructive pine barkbeetle, D. frontalis. A few imma- 
ture adults were found in the outer bark, and evidence that some had 
emerged. This evidence was in the form of apparent exit holes in the 
bark, which may have been ventilating holes from main galleries, for 
with our present knowledge it is not likely that any adults could have 
emerged so early. ‘ 

Grants Pass, Oregon, 1899.—On April 24 numerous dying western 
yellow pine trees were found here scattered through the forest where 
a severe windstorm had blown down much large timber on Septem- 
ber 24,1895. Young adults, larvee, and pup were found in the outer 
bark of the standing trees which had evidently been attacked and had 
commenced to die the previous fall. April 25, numerous trees were 
observed which died the fall before and others which were not yet 
dead. One group of 30 young trees about 2 miles north.of town were 
dying at the top, the leaves turning yellow and brown. All trees, 
without exception, were either infested or had been infested with D. 
brevicomis, and every indication pointed to this species as primarily to 


a Buls. 48 and 53, Bur. Ent., U. S. Dept. Agric. 
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blame for the trouble. There were many trees which had been dead 
for from 3 to 10 years, and in the bark of those dying within the past 
4 years traces of the characteristic galleries of D. brevicomis were 
found. No large bodies of timber had died, but the dead and dying 
trees were scattered all through the forest. A few examples of adults 
were found mining in living bark of a dying tree, where they had 
evidently passed the winter, since none of the broods had sufficiently 
matured to emerge. April 26, eight 
large trees—five western yellow pine 
and three sugar pine—which had evi- 
dently died in 1897, were observed in 
the Slate Creek Valley. The western 
yellow pine exhibited abundant work 
of Dendroctonus brevicomis, and the 
sugar pine the work of both this and 
a larger species of the same genus 
(D. monticolz). 

Buckeye, Wash. (near Spokane), 
May 22.—A small western yellow 
pine tree, evidently killed by the in- 
Fic. 10.—The western pine-destroying bark- sects, was found. None of the brood 

ventral view; b ame, dorsal view. ver. bad emerged, having died in the bark, 
tical line in center represents natural possibly from the effects of unfavor- 
Hengih fonginal): able climatic conditions. In another 
tree killed by this species at this place, young living adults were 
found.” 

Cedar Mountain, Idaho (near Moscow), June 4.—The bark of western 
yellow pine trees defoliated by pine butterfly larvee was found to be 
infested by larve and pupx of D. brevicomis. Dead parent adults, 
also, were found in the primary galleries. 

Mariposa County, Cal., June 9, 1904.—Fragments of dead adults 
were found in primary galleries in bark of a large western yellow pine 
tree, evidently killed by this species. 

Yosemite Valley, California, June 13, 1904.—Western yellow pine 
trees cut between September 20 and 24, 1903, were found to be 
thickly infested with larvee of this species from eggs evidently de- 
posited in September or October, 


OBSERVATIONS BY H. E. BURKE, 1904. 


From October 20 to 26, 1904, Mr. Burke found the work of this 
species on western yellow pine quite abundant in the region of Smiths 
Ferry, Idaho. Under date of October 26 he records observations 
regarding this barkbeetle in a western yellow pine tree 3 feet in diam- 
eter felled some time during that summer; the foliage and bark were 
living, but red borings on the bark showed where insects had entered. 
Adults of the Dendroctonus Were privsinis oi arcu eee wee 
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in the living inner bark, two adults to a gallery. Eggs occurred 
singly in niches on the sides. 

He estimated that as a result of the work by this insect near Smiths 
Ferry 30 per cent of standing timber was dead and 5 per cent was 
dying. This was at the worst point of infestation, but scattered dying 
timber was found all over Boise and Payette basins. The same con- 
dition extended into the Bitter Root Forest Reserve. 


OBSERVATIONS BY THE WRITER, 1905. 


The investigations by the writer during the summer of 1905, so far 
as they related to this species, were mainly for the purpose of deter- 
mining the principal facts in its life history and habits in the vicinity 
of Centerville and Smiths Ferry, Idaho. The results may be sum- 
marized as follows: 


LIFE HISTORY AND HABITS OF THE INSECT. 


HIBERNATION. 


While it is probable, as observed by Hopkins at Grants Pass, 
Oregon, that a few parent adults which enter the bark in the fall may 
pass the winter in that stage, it appears that it is in the young to 
matured larval stages that the insect normally passes the winter, each 
individual in a separate mine or cell in the outer corky bark of the 
tree in which it developed the previous summer and fall. The ear- 
liest observations at Centerville were made on May 18, when larve, 
pup, and young adults were found. Some of the larve were small, 
but the majority of them were mature and ready to change to pupe. 
The pupe and adults had evidently transformed from larve since the 
beginning of activity in the spring. 

The latest date on which larve of the hibernating broods were 
found was June 13. Pup were found as late as July 3, and adults 
July 7. It is therefore evident that the majority of the over-wintering 
broods develop to the adult stage by about the middle of June, but 
broods from eggs deposited late in the fall may not develop until 
nearly the middle of August. Adults begin to emerge in the latter 
part of May and continue to do so through June and July and into 
August. Thus the period of activity of the hibernating broods at 
Centerville is probably from the first warm days in April and May 
until about the last of July—approximately 90 days—the majority, 
however, coming out in June and in early July. 


FIRST GENERATION. 


The first generation at Centerville begins with the first eggs depos- 
ited, apparently about the last of June, by the adults developed from 
hibernating larve and pupx. These eggs hatch in about 4 days after 
deposition. The principal egg-laying period for this generation is 
evidently between the latter part of June and the first part of August. 
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It would appear that the length of time spent in the larval state is 
from 31 to 35 days. Sometimes, however, a few individuals of this 
first generation, either from retarded development or other causes, 
do not go through their transformations with the rest of the broods, 
but remain as larve all through the fall and winter, evidently chang- 
ing to pupe in the following spring. 

The length of time spent in the pupal stage is approximately 15 
days. Pupe of this generation were observed in different broods 
from August 14 to September 6. 

The first adults, evidently of this generation, were observed in the 
bark August 14. The length of time spent in the bark after reaching 
this stage appears to be from 7 to 14 days. It is difficult to tell just 
when the emergences cease, as the last individuals of the brood come 
out scatteringly. Thus, on October 10 a few adults were still found 
in the bark. As this was the last observation, it is not known whether 
adults emerged later in the fall or whether they passed the winter in 
the bark before emerging; but the latter was probably the case. In 
one tree under observation eggs were deposited July 6 and the broods 
developed and emerged by August 28, a period of 53 days. Thus it 
appears (1) that the first generation begins with eggs deposited 
probably in the latter partof June; (2) that the majority of the 
broods develop and emerge by the first part of September (a period 
of about 60 days), but that some may continue to develop and emerge 
until in October; and (3) that possibly some pup and young and 
matured adults may hibernate along with the larve. Thus it may 
require 300 to 390 days or more for the complete development and 
emergence of some individuals of the first generation. 


SECOND GENERATION. 


Eggs deposited by adults of what appears to have been the first 
generation were found August 26 and as late as September 13. It 
will therefore be seen that there is a partial overlapping of the periods 
of the two generations. 

Larve were found as early as September 4, and on October 10, 
when the last observation was made, some larve were apparently 
full grown. 

No pupe or adults of this generation were found up to the time of 
the writer’s last observations—on October 10, 1905. Mr. Burke 
found adults, but probably of the first generation, excavating galleries 
and depositing eggs as late as October 26,1904. Thus it appears that 
the second generation, beginning with the first eggs deposited by adults 
of the first generation, passes the winter in the larval stage and develops 
and emerges by the middle of the following June to the first part of 
July. It therefore occupies a period of about 315 to 330 days, includ- 
ing about 60 days of activity in the fall, 165 days of hibernation, and 
90 to 105 days of activity in the spring and earlv summer 
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It is probable that at higher elevations and farther north the 
majority of the broods would not develop in much less than a year’s 


time and that at more south- 
ern and warmer localities in the 
Pacific Coast region there would 
be two complete generations 
and possibly a partial third. 


HABITS. 


When first transformed, in 
May and June, the young bee- 
tles have very soft, delicate tis- 
sues. They therefore remain 
in their pupa cases until their 
bodies are fully hardened or 
chitinized. When nearly ready 
to emerge, the adults bore their 
way almost to the surface of 
the bark (fig. 12, a), but pause 
before emerging, appearing to 
rest in the burrows they have 
just made. They do not, how- 
ever, hollow out the space im- 
mediately adjoining the pupa 
case, as is the habit of another 
species of this genus. When 
quite ready to emerge, the bee- 
tles continue their burrows out 
through the remaining portion 
of the bark. The individuals 
of a brood do not appear to 
emerge simultaneously, but 
they come forth at irregular in- 
tervals until all are out, leaving 
the bark thickly punctured with 
small, round, clean-cut’ holes, 
as shown in figure 12. 

After leaving the tree or trees 
in which they went through 
their transformations the bee- 
tles fly away to find trees in 
which to deposit eggs. They 
may select trees close at hand 


F.g. 11.—The western pine-destroying barkbeetle 
(Dendroctonus brevicomis): Pitch tubes on bark of 
tree. (Original.) 


or may fly quite a long distance before making aselection. They will 
also enter the living bark of recently felled trees. Large numbers of 
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the beetles usually settle upon a few trees close together and crawl 
about upon the bark from near the base to about two-thirds of the 
distance to the tree’s top, seeking suitable places for entrance. Crev- 
ices in the bark are favorite places with them for this purpose. The 
female appears to bore the entrance hole in the bark, and may or 
may not be closely followed by her mate. In some cases where gal- 
leries had just been started, females were found alone, that is, one 
female to a single gallery. In others, the female was followed by the 
male. As the first incision is made into the living inner bark, the tree 
begins exuding pitch to cover the wound made by the intruding 
beetle. This pitch or resin collects at the mouth of the entrance hole 
in the form usually known as 
a pitch tube (figs. 11 and 12, 
c). Where the attacking 
force of beetles is small, the 
efforts of the tree to heal 
these wounds not infrequent- 
ly succeed, the flow of pitch 
being so great as to overcome 
and suffocate the beetles. In 
such cases the dead beetles 
may be found in the pitch 
masses after the tree has re- 
covered. Where.the attack- 
ing force is large, however, 
the flow of pitch does not se- 
riously hinder the beetles. 
After completing the egg lay- 
ing, the parent adults remain 
for some time in the galleries 
and excavate irregular 
Fic. 12.—The western-pine-destroying barkbeetle (Den- branching burrows toward 

stset ba: mee eee ea eemmmice_ the end farthest from the en- 

(Original.) trance, where they remain 

until they die. 

After successfully effecting their entrance into the bark, th> females 
excavate, through the inner layer of bark, winding, irregular galleries, 
which run into and cross each other many times (fig. 8). The eggs 
are laid at the sides of the gallery, each in a little niche hollowed out 
to receive it and packed in with the borings made in excavating the 
gallery. 

Almost immediately after hatching the larva begins feeding upon 
the cambium surrounding the niche in which it hatched. For a few 
days it remains in the cambium, then bores out toward the outer 
bark. As it progresses, it is at the same time growing, and this 
growth is indicated by its constantly widening mine or burrow, which 
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is made larger to accommodate the size of the body. Having reached 
the outer bark, it hollows out an oval space or pupa case, in which to 
go through its transformations. 


NATURAL ENEMIES. 
INSECTS. 


Larve of the predaceous beetles of the genus Clerus, which are 
known to prey upon Dendroctonus larve, were quite common in and 
under the bark of the infested trees, and they doubtless help to some 
extent in keeping down the numbers of the barkbeetles. 


BIRDS. 


Birds contribute their part also in destroying larve and pupe. The 
work of woodpeckers was found upon most of the trees which had 
been killed by D. brevicomis, and these birds had evidently destroyed 
a large percentage ot the insects in some of the trees. 


METHODS OF COMBATING THE INSECT. 


FIRST RECOMMENDATIONS. 


The following information and recommendations relating to this 
insect and methods of preventing losses from its ravages were conveyed 
by Doctor Hopkins to Mr. E. M. Hoover, of Boise, Idaho, manager of 
the Payette Lumber and Manufacturing Company, in a letter dated 
January 23, 1906, and afterwards published, with Mr. Hoover’s reply, in 
a local newspaper. 


Our special field agent, Mr. J. L. Webb, has submitted his report on forest insect investi- 
gations in the vicinity of Centerville and Smiths Ferry, Idaho, during the past summer, and 
it will interest you no doubt to know that the insect which is primarily to blame for the death 
of pine trees was located and thoroughly studied by him. 

He found that the broods of the destructive species pass the winter in the grub state in the 
bark of trees which died during the late summer and fall and that they do not transform to 
the v:inged form and emerge until after the 1st of May. Therefore the method of combating 
the pest is simply to cut the infested trees any time between the 1st of October and the Ist of 
May and to remove the bark from the main trunk and burn it. 

It is necessary to burn the bark in order to kill the broods of this insect, because they 
occupy the intermediate portion between the inner surface and the outer scale portion; 
hence the drying of the removed bark will not kill them as it would if they occupied the 
inner moist portion. 

The infested trees can be located (1) by the yellowish and light reddish brown color of the 
foliage; (2) by cutting into the bark as high up on the trunk as a man can reach with an ax 
to determine whether the middle portion of the bark is infested with the smal! white grubs, 
which are about three-sixteenths of an inch long. If these are found, it will be conclusive 
evidence that the tree has been killed by the beetle and is infested with its broods. It must 
be remembered that there are hundreds of other kinds of insects which occupy the inner por- 
tion of the bark and wood of such trees, but none of the smaller ones pass the winter in the 
outer bark. * * * 

Perhaps the most important thing for you to do asa preliminary to any definite action you 
may take in the matter is to have a number of intelligent cruisers make a survey of your 
holdings for the purpose of locating the principal sections in which trees have died during the 
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past summer and the location of the larger clumps and patches of infested trees within such 
sections; then, if the locations of the infested areas and clumps are indicated on a map, it will 
aid materially in planning effectual operations. If you could conduct your logging opera- 
tions in these sections and utilize the infested trees the desired results would be accomplished 
without much expense. It is not necessary that all scattering infested trees should be felled 
and barked, but it is of the greatest importance that all of the larger clumps and patches 
within the worst infested areas should be thus treated within the period mentioned. If this 
can not be done this year, the work of locating infested areas should be conducted next sum- 
mer (1906), in order that the more im portant sections may receive attention next fall and 
winter. 

We shall hold ourselves in readiness to give you further information and suggestions on 
subjects which may not be clear to you, and whenever there is doubt about the insect or its 
work specimens should be sent to us for authentic identification. 


In response to this letter, Mr. Hoover wrote: 


We are most gratified with the information given us and feel that it will be of much value 
to us in our woods operations. * * * : 

The ferreting out of the insect pest and advising a way to combat it is a work of great value 
to the country and of especial interest to all persons interested in forests, and we wish to add 
our word of appreciation of the service of your Bureau. 

Your letter is clear and explicit, and we will be glad to take advantage of your suggestions 
in our logging operations and have conveyed the information to other lumber companies 
operating in this vicinity. 

Doctor Hopkins has, since then, prepared the following additional 
recommendations and summary: 


TRAP TREES. 


With our present knowledge of the life history of the western pine- 
destroyer and its habits of attacking girdled and felled trees, it is evi- 
dent that trap trees* may prove effective in keeping the insect under 
control, especially in localities where only a few trees are being killed 
each year or after a large number of the infested trees have been felled 
and barked in a badly infested locality. 

The time to girdle and fell trees to catch the first generations would 
be about the middle of June, the bark to be removed and burned in 
about 20 to 25 days, or before the broods emerge. Girdled or dead- 
ened trees are prepared by the ‘‘girdle to heartwood” method—that 
is, cutting through the sapwood all around the trunk 3 or 4 feet above 
the base or as high above the base as convenient to chop; for this pur- 
pose large, inferior trees should be selected. 

Felled trees should be lodged or allowed to fall on logs, rocks, etc., 
so that the prostrate trunks will be as far as possible from the ground. 
Trees prepared in this manner will usually be attacked by swarms of 
the beetles, which will excavate galleries in the bark and deposit their 
eggs. After the eggs have hatched and the larve are about full grown, 
the removal and burning of the bark will effectually destroy the broods 
and thus contribute greatly to reducing the numbers of the beetles— 


@ Living trees girdled or felled at the proper time to attract the Avine heetles to them and 
away from healthy trees. 
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which must occur in large numbers before they can attack and kill a 
tree. Some of the living trees in the immediate neighborhood of the 
trap trees may be attacked by beetles attracted to the vicinity by the 
felled or girdled trees. These should be felled and treated the same 
as trap trees. 

If the conditions appear to warrant it, additional trees should be 
girdled or felled about the first part of August to catch the second 
brood. These may be barked, to kill the broods, any time between 
the first part of October and the first part of the following May. 


SUMMARY. 
HABITS AND LIFE HISTORY. 


The western pine-destroying barkbeetle usually attacks and kills 
the best examples of western yellow pine and sugar pine. 

If neglected and under certain conditions favorable to the species, 
it is capable of devastating the pine forests over large areas. The 
broods of the beetle pass the winter in the outer bark of trees killed 
by it the previous summer. The adults of the overwintering broods 
emerge and fly in May, June, and July, the beginning and ending of 
the period varying with the seasons, latitude, and altitude. 

The first eggs from the first generation are deposited in June or 
July, and in some of the warm localities possibly as early as the middle 
of May. In localities intermediate between the colder and warmer 
regions the majority of the adults of the first generation evidently 
develop and emerge in August, but some individuals may remain in 
the trees until June of the next year. 

The first eggs of the second generation are evidently deposited in 
August and September, depending on locality, and it would appear 
that in intermediate localities all of the broods of this generation pass 
the winter (hibernate) in the larval stage in the outer bark. In the 
warmer localities some of them may develop and emerge in the fall, 
while in the colder localities there ay be but one generation. 

The first evidence of attack on living trees is the presence of pitch 
tubes (figs. 11 and 12, c) on the bark or of reddish borings lodged in 
the crevices and around the base of the tree. 

During the fall, winter, and following spring, after a successful 
attack, the infested trees will be indicated by the fading yellowish 
and reddish leaves. 

The work of the insect will be indicated by the winding galleries 
through the inner bark (fig. 8). Trees from which the broods have 
emerged will be indicated by large numbers of small holes through the 
outer bark (fig. 12). 

REMEDIES. 


The principal areas of infestation and the principal patches of 
infested trees should be located in September and October. 
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Beginning with the first part of October, the infested trees should be 
felled and the bark removed from the main trunk and burned, these 
operations to be completed. by the first part of the following May. 

If all of the trees within a given area can not be thus felled and 
treated, the work should be concentrated on the larger clumps and 
patches of infested trees. 

The cost per tree for cutting, barking, and burning the bark will 
range from about 30 cents to $1, depending on locality and accessi- 
bility. 

Summer cutting, except in regular logging operations, is undesir- 
able, since the cutting of a few trees in the midst of a large forest may 
attract the insects from a long distance, and thus result in extensive 
depredations in bodies of timber which it is most desirable to protect. 


TRAP TREES. 


In sections where it is known that the beetle is killing some of the 
‘timber, trap trees should be provided in June and August. Ordi- 
narily, 4 or 5 inferior living trees within each section, on which there 
is evidence.of the work of the beetle, should suffice. 

Trap trees should not be prepared unless it is reasonably certain 
that the bark will be removed and burned before the broods of the 
beetles develop and emerge, otherwise such trees may contribute to 
the destruction of a larger amount of timber. 


STORM-FELLED OR LIGHTNING-STRUCK TREES. 


Storm-felled and lightning-struck trees are a menace to a healthy 
forest within the distribution of this insect, since they serve as breed- 
ing places and centers of infestation. Therefore, whenever practi- 
cable, such trees should be watched, and if found infested with broods 
of this beetle, they should be treated as recommended for infested 
and trap trees. 
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BLACK CHECK IN WESTERN HEMLOCK. 
By H. E. Burke, Special Field Agent. 


ECONOMIC IMPORTANCE. 


Black check is the lumberman’s name for a common defect, consist- 
ing of a dark brown or blackish resinous scar, in the wood of the western 
hemlock. A few layers of the wood beneath this scar are slightly 


stained for a short distance around, and all 
of those above are thickened, curled, or in 
some way abnormal. When seen in a 
quarter-sawn board (radial section) the 
defect appears as a small, thin seam (fig. 1) 
from one-half to one inch long, with one 
side curly. In a bastard-sawn board (tan- 
gential section) it is an oval or circular 
spot (fig. 5, g) that varies in diameter from 
one-half to one inch. In both cases it lies 
with the grain of the wood. 

Hemlock timber growing on lowlands 
is often seriously affected, while that on 
higher land, especially above an altitude 
of 1,800 feet, appears to be free from the 
injury. In a large quantity of box stock 
cut from lowland timber, nearly every 
board examined by the writer contained 
numerous examples of the defect. 

Timber badly affected with this defect 
is nearly worthless for finishing, turning, 
staves, and woodenware, for which it would 
otherwise be excellent. The injury is very 
conspicuous in bastard-sawn lumber, un- 


Fig. 1.—Longitudinal section of 
a board approximately quar- 
ter-sawn containing checks 
(radial section) (original). 


fitting it for finishing or turning, while in that quarter-sawn (fig. 1) or 
cut across the grain it is apt to form an open seam which renders it 
worthless for staves and woodenware, where tightness is required, but 
it would appear that it is not materially detrimental to timber for con- 


struction and other purposes. 


Taking into consideration the common occurrence and injurious effect 
of the blemish in lumber for certain purposes, and the large amount of 
timber concerned, the total loss caused by the check must be considerable. 
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This form of injury is due to the attack of the bark maggot (Cheilosia 
alaskensis) subsequent to primary injury by the hemlock barkbeetle 
(Hylesinus n. sp.). 

HISTORICAL. 

In 1902 Mr. Edward T. Allen, of the Bureau of Forestry,! described 
the defect which he had found to be caused by a maggot or larva of an 
unknown fly. 

In 1908-4 the writer made special investigations of the trouble, under 
instructions from Dr. A. D. Hopkins, to determine: (1) The species 
which is responsible for the damage; (2) the life 
histories and habits of the principal species and 
closely related forms, their natural enemies, etc.; 
(3) whether or not the larve are capable of entering 
healthy, uninjured bark; and (4) the character 
and causes of previous injuries which induce attack. 

The principal localities in which the work was 
carried on in connection with that on forest insects 
in general, were Hoquiam, Aberdeen, Satsop, 
Copales, Kent, Puyallup, North Bend, South Bend, 
and Seattle, in the State of Washington, and the 
vicinity of Portland, Oreg. 

The first examination of infested trees was made 
in August, 1903, when maggots of various sizes 
were found to be quite common in the bark of the 
trunks of living trees. Their presence was indi- 
cated by small masses of resin on the surface of 
4). the bark. In and beneath each of these a single 
Fig. 2.—Box cage fastenea Maggot was at work in a cavity or hole which 

to side of tree to catch extended to the surface of the wood, where there 

ASME ee aSeae was a wound, evidently caused by this insect. 
Similar wounds, partially healed, and others several years old were 
found in the same trees, from near the outer layers of the sapwood to 
layers deeply buried in the heartwood. The latter were readily 
recognized as the black-check defect and there was no doubt left as to 
their being caused by this insect, which should, therefore, be hereafter 
known as the hemlock bark maggot. : 

Experiments with different methods of rearing the adult insect were 
at once started. At first the infested resin masses with a portion of the 
adjoining wood were cut out and placed in jars and tin boxes, but they 
soon dried up or molded. Then cages of netting placed over the resin 
masses on the trees were tried. These proved too flimsy and were hard 
to examine. Finally, cages were made from small baking-powder and 
spice cans, by knocking off the bottoms, cutting the sides into narrow 
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strips, and punching holes for tacks in the tips of the strips (fig. 2). 
This was found to be admirably adapted to the work ; it was durable, 
could be readily fitted to any surface, and was easily examined by 


simply removing the lid. 

The investigations were started 
too late in the season to secure the 
pupe or adults, but many larve in 
various stages of development were 
collected and studied, and a num- 
ber of the infested wounds were 
covered with the tin cages. 

The most important result of the 
first season’s work was the discovery 
that the primary cause of the attack 
and subsequent injury by the bark 
maggot was the work of the hem- 
lock barkbeetle (Hylesinus n. sp.) 
(fig. 3, a)! which was found exca- 
vating short burrows (fig. 3, 6, ¢) in 
the healthy bark, and through it 
to the surface of the wood, where 
a small wound was made, causing 
a slight flow of resin (fig. 3, f). 
These burrows were evidently made 
by the beetles for the purpose of 
obtaining food, and not for the 
purpose of depositing eggs, since 
neither eggs nor larve of the beetle 
were found, and the burrows were 
soon abandoned. Some of these 
food burrows were healed over with- 
out further injury to the wood, 
while others were open and con- 
tained a small amount of resin. 
These abandoned galleries, with the 
resin, formed ideal places for the 
young bark maggots to begin their 
work, and were, apparently, utilized 
in preference to any other wounds. 

The investigations of 1904 were 
more successful. Upon the first 


Fia, 3.—Development of the black check in west- 
ern hemlock: a, the beetle (AHylesinus n. sp.) 
that makes the primary injury—natural size; b, 
entrance of beetle in outer bark ; ¢, longitudinal 
section of u similar entrance; d, same as b, 
showing wound in inner bark; e, same, showing 
wound in outer sapwood; f, resin exuding from 
an entrance after beetle has gone; g, fresh resin 
mass on outer bark, indicating hemlock bark 
maggot at work; h, longitudinal section of simi- 
lar mass, showing position of maggot; i,maggot 
wound ininner bark; j,same, in outer sapwood: 
k, resin mass after maggot work is done and 
the pupa is formed; J, longitudinal section of 
similar mass, showing pupa, the wound begin- 
ning to heal (original). 


examination of the breeding cages on April 27 one adult male was found. 
On April 30 a female emerged, and May 8 two males were secured from 
resin masses placed in cages in the laboratory. Another female was 
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taken on May 10, while it was flying in the sun ina field near the forest. 
No adults were found in the cages or collected after May 10, which 
would indicate that in this locality the adults emerge during the last of 
April and the first of May. Specimens of the fly were sent to Mr. D.-W. 
Coquillett, who identified them as Cheilosia alaskensis Hunter. 

The last examination of the field breeding cages was made on Octo- 
ber 10. A number of the resin masses that were caged in October, 1903, 
still contained larve. This would indicate that the insect lives several 
years in the larval state. The fact that larvee of various sizes were 
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Fria. 4.—Hemlock bark maggot (Oheilosia alaskensis): m, Resin mass with exit hole, adult fly hav- 
ing emerged; 2, longitudinal section of similar mass, showing wound in inner bark and outer 
sapwood, pupal chamber and exit hole in outer pitch mass, and original beetle entrance con- 
necting them; o, healing wound in inner bark beneath mass like m;. p, healing wound in outer’ 
sapwood beneath mass like m; q, longitudinal section of wound »; 7, maggot; s, puparium: ¢, 
pupa; u, adult, male; », head of female—all about twice natural size; w, larval head—enlarged 
about 20 times; #, antenna—enlarged about 45 times (original). 


found at all times of the year and adults only in the spring strengthens 
this belief. 


LIFE HISTORY AND HABITS OF THE HEMLOCK BARK MAGGOT. 


The female fly was not observed ovipositing, nor was the egg found, 
but young larvee were collected from the berbhootle wen-4ts Ton 
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fore seems evident that the egg is laid on or in the slight flow of resin 
that exudes from such a wound (fig. 8, f). No evidence was found that 
the larva could make an independent entrance through the bark. 


DESCRIPTION OF THE STAGES. 


The larva.—The larva (fig. 4, 7) is a whitish maggot with a small, 
wrinkled head almost buried in the front end of a plump, subcylindrical, 
segmented body that terminates behind in a long, telescopic, protractile 
tail. The head (fig. 4, 2) has a pair of stout, black, forked mandibular 
hooks, and is densely clothed with short brown spines. When exam- 
ined with a microscope, a pair of small branched feelers (antenne) are 
found just above the hooks. The body seems smooth to the naked eye, 
but it is quite thickly covered with minute spines. Just back of the 
head, upon the dorsal surface of the first segment, is a pair of widely 
separated, small, fleshy tubercles. Each bears a dark brown breathing 
organ (spiracle). Most of the segments have a pair of fleshy append- 
ages, probably false feet, on their ventral surface. Upon the ventral 
surface of the last segment, and surrounding the anus, which opens there, 
are often seen five or six heavily convoluted, bladder-like protrusions. 
‘These are probably the rectal glands. 

The tail is about the same length as the body. It bears several pairs 
of the fleshy foot-like organs, and terminates in a dark-brown fork, each 
branch of which is armed with a whorl of four strong plumose bristles. 
It is simply a long breathing tube that may be lengthened or shortened 
at will to meet the varying depth of the resin mass covering the body. 
The tip, or fork, bears and protects the spiracles, which must always 
be kept out to the air. The full-grown larva, including tail, is from 
0.6 to 0.8 inch in length, and 0.08 to 0.12 inch in width at its largest 
part. otas pa 

The puparium.—The puparium (fig. 4, s, t) is formed within the last 
larval skin. The larva lies doubled up with the tail bent over the back 
and the head just within the outer surface of the resin mass. The tail 
shortens up, appears to lose its breathing function, and the body 
becomes more compact and solid. The two spiracle-bearing tubercles 
on the back of the first. segment become elongated into horns, and form 
the breathing tubes. The Jarval skin does not seem to become very 
much thickened, nor any darker, as is usually the case in related forms. 
It remains quite transparent and the outlines of the puparium can be seen 
through it quite plainly. The puparium, including the inclosing larval 
skin, is 0.28 to 0.86 inch in length, and 0.12 to 0.16 inch in width. 

The adult. —When full development is reached, the head of the larval 
skin is pushed out and the adult emerges. This usually takes place 

in April or May. The adult (fig. 4, aw) is a small black fly, about 0.36 
inch in length, 0.12 inch in width, with wings 0.32 inch in length, and 
is rather densely covered by medium black hairs. The male is more 
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slender than the female, which has a rather broad pointed abdomen. 
The eyes of the male are contiguous on the top of the head, while those 
of the female (fig. 4, v) are quite widely separated. Little is known 
of the habits of the adults. Though carefully sought for, only one speci- 
men was taken in the field. This was flying in the sun in a little 
meadow at the edge of a forest. The species was described! from a 
single female taken at Cook’s Inlet, Alaska. There is also a female 
from Yakutat, Alaska, in the U. 8S. National Museum Collection. 


HABITS OF THE LARVA. 


The larva is usually found in the wound (fig. 3, 2), surrounded by the 
soft resin. The head and body lie in the inner part next to the sapwood, 
while the tail extends out through the bark and outer resin mass, with the 
spiracles opening into the air. The cambium, or growing layer, which is 
composed of soft, living, outer sapwood and inner bark, is bruised and 
torn by the mandibular hooks until quite a wound is made. This is 
enlarged as its occupant grows in size. The resin is pushed out of the 
entrance and forms ‘an irregular, globular, reddish-gray mass on the 
outer bark (fig. 8, g, &, and fig. 4, m). 

Breathing through its tail and feeding on the sap and soft tissues of 
the tree, the larva lives in the wound until it becomes full-grown. This 
takes, in some cases at least, several years. Some larve, from eggs 
laid, probably, in May, 1903, had not changed to adults in October, 
1904. All sizes of larvee are found at all seasons of the year, but the 
adults during April and May only. The wounds (fig. 8, i, 7) show that 
as many as five successive layers of new growth may be eaten, although 
the usual number seems to be three. These facts seem to indicate that 
living representatives of several broods may be found at any time, and 
that the length of the larval stage is variable. It is probable that under 
unfavorable conditions it may be prolonged to four or five years, while 
if the conditions are favorable it may be shortened to one year. 

Although the larva is usually found in the wound as described before, 
it sometimes moves around in the outer resin mass and even on the 
outer surface of the mass. In the spring the fully developed larva with- 
draws to the outer mass to pupate (fig. 3, 7). 

The. primary wound made by the barkbeetle through the bark remains 
the same size as the beetle leaves it, and the bark maggot occupies the 
chamber between the inner bark and wood. Both entrance and cham- 
ber are filled with resin. The completed wound (fig. 4, 0, , q), there- 
fore, consists of the beetle burrow, which is about 0.08 inch in diame- 
ter, through the outer and inner bark to the inner chamber, which is 
one-half inch to 1 inch in diameter. The external resin mags is 0.6 
inch to 1 inch in diameter, and 0.4 to 0.6 inch in depth. 


1W. D. Hunter, Can. Ent., Vol. XXIX, p. 124, June, 1897. 
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As soon as the maggot leaves the inner chamber the irritation ceases 
and the wound begins to heal. The cambium grows down into it year 
after year, and the annual growth of wood formed there slowly covers 
it over until in three or four years it is completely buried (fig. 5) 
beneath the new growth and thus forms the black check. 

As the wood grows down into the wound in healing it over, a depres- 
sion is formed in each new layer, but sometimes the new layer thickens 
around the depression and forms an elevation above the surrounding 
surface. In both cases an ornamental curl is formed that will show as 
a bird’s-eye effect in bastard-sawn or longitudinal sections of the wood. 


Fig. 5.—a, Longitudinal section ‘of wood containing a black check; }, the check; ¢, the stain in 
the wood beneath it; d, the curls in the wood covering it; e, the resin mass on and in the bark; 
f, section @ split into four sections to show tangential views; g, tangential view of check , 
hh, tangential view of curls; i, black spot or old resin mass (original). 


NATURAL ENEMIES. 


Two hymenopterous parasites were bred from the syrphid puparia. 
Dr. Wm. H. Ashmead, of the U. S. National Museum, identified one 
of these as an ichneumonid (Syrphoctonus maculifrons Cr.) and the 
other as a chalcidid (Eutelus flavipes Walk.). Both species are fairly 
common, and probably aid greatly in keeping the trouble in check. 

Syrphoctonus maculifrons Cr.—This is a small wasp-like ichneumon 
fly about 0.36 inch in length. It has a dark body marked by a 
few white patches at the bases of the wings and legs. The face is 
nearly covered by a square of white, and the legs are reddish brown. 
The abdomen of the male is more slender than that of the female, and 
the white square on the face is larger. The earlier stages are not known. 
Pupation takes place in the body of the maggot in the outer resin mass. 
The adult emerges during the latter part of June or the first of July. 
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Each maggot furnishes subsistence for but a single parasite. Adults 
were bred from resin masses of both the hemlock and the lowland fir 
bark maggots.’ 

" Butelus flavipes Walk. is one of the small chalcidid flies. The 
females have dark metallic-green bodies, cherry eyes, light brown legs, 
rather dark antenne, and are about 0.12 inch in length. The males 
are smaller, about 0.08 inch long, and have a broad yellow band across 
the abdomen. Their bodies are a lighter green and the legs and anten- 
ne are yellow. Each maggot supports a number of parasites, usually 
about a dozen. The pupe are formed in the body of the host in the 
outer resin mass. The adults emerge during the latter part of June. 
This species was bred only from the hemlock resin masses. 

These two parasites were the only natural enemies found. There was 
no evidence of any bacterial or fungous disease, and the maggot is so 
concealed in the bark and resin that it is well protected from preda- 
ceous enemies. 

ASSOCIATES, 

Two small pill beetles (Amphicyrta simplicipes Mann. and Simplocaria 
nitida Mots.) were frequently found on and near the resin masses. Their 
relation, if any, to the syrphid was not determined. 


METHODS OF PREVENTING LOSSES. 


Since the black check is the result of the work of the insects during 
past years, or even centuries, and is thus distributed all through the 
wood of the trunks of the matured affected trees, the only methods 
which appear to be available for preventing losses are: 

(1) Where clear stuff is required, select timber which, as indicated 
by the absence of the old resin masses on the’ bark, is free from the 
trouble. 

(2) Utilize timber from badly affected trees for box material and 
other purposes where the checks are not objectionable. 

(8) Utilize the bird’s-eye or curled wood for natural-wood finish. 


BARK MAGGOTS IN OTHER TREES. 


THE LOWLAND FIR BARK MAGGOT. 


In 1903, while studying the black check of the hemlock at Satsop, 
Wash., a similar trouble was discovered in the white or lowland fir. 
The insect causing it was reared and proved to be Cheilosia hoodianus 
Bigot, a species closely related to the hemlock fly. The maggot is very 
similar in size, appearance, and habits. The adult is a trifle larger and 
not so dark in color. The thorax is dark brown, and the abdomen a 
light chocolate. The emergence of the adult takes place a little later 
in the season than that of the hemlock species. Most of those reared 
emerged about the middle of May, but the last one did not come out 
of the resin mass until August 12. 
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The work of the two species is very similar. The fir isa more rapidly 
growing tree than the hemlock and the wounds under the bark, there- 
fore, go deeper into the sapwood. These wounds, also, occur more 
often in patches. The primary injury is made by several species of 
barkbeetles, viz, the western hemlock barkbeetle (Hylesinus n. sp.), 
the larger fir-tree barkbeetle (Hylesinus grangilatus Lec.), and prob- 
ably other species. 

Two specimens of the parasite Syrphoctonus maculifrons Cr. were 
bred from the resin masses. No other enemies were seen. 

Satsop was the only place where the trouble was noticed: The amount 
of damage done and the distribution of the insect causing it are not 
known. é 

THE ALPINE FIR BARK MAGGOT. 

On October 24, 1904, a bark maggot was found in a resinous wound 
on the trunk of an alpine fir at Smith’s Ferry, Boise County, Idaho. 
The wound seemed to have been started from an old limb scar. Only 
one specimen was found. It resembled the maggots of the hemlock 
and lowland fir, and is probably the larva of another species of Cheilosia. 
The amount of damage it causes was not determined. 


THE SITKA SPRUCE BARK MAGGOT, 


A maggot closely resembling the other species, except that it has a 
short tail, is quite common in the wounds on the trunks of Sitka spruce. 
It is usually found in the pitch around the edges of the large resinous 
wounds caused by the spruce pitch-worm:(Parharmonia pice Dyar). 
Several maggots live in the same wound, and the irritation produced 
by their feeding keeps it open for so long a time that an ugly scar is 
formed in the wood. Several generations may live in the same wound. 
Pupation takes place in the drying resin of the wound. This is prob- 
ably a species of Cheilosia. Hoquiam, Wash., was the only place where 
the trouble was noticed. 


THE YELLOW PINE BARK MAGGOT. 


A dark, subcylindrical dipterous puparium was very common in pitch 
exuding from axe and other wounds in the bark of young yellow pine 
(Pinus ponderosa) trees at Moscow Mountain, Idaho, and barkbeetle 
(Dendroctonus sp.) and sapsucker wounds in the bark of the young 
trees of yellow pine, and the lodgepole pine (Pinus murrayana) at 
Smith’s Ferry, Idaho. No adults werereared. The species is probably 
a syrphid, possibly a Cheilosia, though the puparium does not resemble 
those of Cheilosia alaskensis and hoodianus. The amount of damage 
done is unknown. 

CONCLUSIONS. 

(1) Western hemlock timber growing on low land is often affected by 

a defect known as black check, which renders a large percentage of the 
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wood worthless for finishing, staves, and woodenware, but apparently is 
not seriously detrimental to timber for other purposes. 

(2) The black check is caused in nearly every case by an injury to 
the cambium (growing layer) of the trunk by the hemlock bark maggot, 
Cheilosia alaskensis Hunter. Somewhat similar defects may be caused 
by barkbeetles, bark-bgrers, sapsuckers, or anything that makes a 
wound in the cambium, which afterwards heals. 

(3) The maggot enters the bark through an abandoned food burrow 
made by the hemlock barkbeetle (Hylesinus n. sp.). It gradually 
enlarges the burrow into a small wound, in which it lives for several 
years, feeding on the sap and cambium. In the spring, when full 
grown, it pupates in the resin mass which has formed on the outer bark 
around the entrance to the wound. The puparium soon changes to the 
adult, which emerges in April or May. The egg is probably laid on the 
resin exuding from the abandoned gallery of the barkbeetle. 

(4) A near relative (Cheilosia hoodianus Bigot) of the hemlock 
bark maggot causes, in a similar manner, a black check in the timber 
of lowland, grand, or white fir (Abies grandis). It enters the bark 
through the abandoned food burrows of several species of barkbeetles. 

(5) The alpine fir (Abies lasiocarpa), the Sitka spruce (Picea sitch- 
ensis), and probably many other trees are injured more or less by bark 
maggots that enter wounds and enlarge them or keep them open until 
the conditions are such that checks form in the timber. 

(6) For preventing losses in timber cut for purposes requiring clear 
stuff, select trees growing at altitudes above 1,800 feet and those at 
lower elevations which are free from the black indicating spots (old 
resin masses) on the bark. 


Approved : 
JAMES WILSON, 
Secretary of Agriculture. 


WasHineton, D. C., May 24, 1905. 
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THE DOUGLAS SPRUCE CONE MOTH, 


(Cydia pseudotsugana, Kearfott.) 


INTRODUCTION. 


Our attention was first called to this species in the spring of 
1900, during a collecting trip on the sloping mountain sides near 
the mouth of Middle Creek canon, south of Bozeman. The aduit 
moths were seen in great numbers, flying in and closely around a 
large tree of the species which, so far as we know, is the only one 
attacked by the moth, namely, the Douglas. spruce or red fir, 
Pseudotsuga mucronata. Thousand of the moths were flying 
about this particular tree, dancing up and down in an apparently 
purposeless manner, in the bright warm sunshine of'the late after- 
noon, never going more than about four or five feet outside of the 
tips of the limbs, and surrounding the tree on all sides. From that 
time to the present, we have been making observations and taking 
notes and photographs as we have had opportunity, until it is now 
thought that we should publish the results that have accumulated, 
since the main facts of the life history are all secured. Specimens 
of the injured cones and seeds and of the insects of the various 
stages are preserved for future reference in the collections of this 
department. : 


NATURE OF INJURY. 


The larva or caterpillar of this insect feeds in the cones of the 
tree above named, first eating from fleshy parts of the immature 
cones and later devouring the seeds. So far as we know no other 
parts of the tree are. attacked. 


EXTENT OF INJURY. 


The species is certainly very injurious to the cones of the Doug- 
las spruce in this locality, and during the eight years that it has held 
our attention, it has been about as injurious in one season as another, 
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not noticeably decreasing and increasing in numbers in different 
years as is so often the case with insect pests. We. have not sys- 
tematically examined the many hundreds of square miles of territory 
covered by this tree surrounding this valley, but we have been in 
the woods in many places and have invariably found the species in 
abundance. So abundant and general has the insect been found 
that we have the impression that very much the greater part of 
the whole area in this vicinity on which this tree grows, is affected 
with it. At least this is true of the country close about Bozeman. 
Directly south of Bozeman at a distance of seven miles, the 
mountains rise abruptly from the edge of the nearly level valley 
and to the northeast at a distance of about five miles, the Bridger 
range ends abruptly among the foothills. The writer often goes to 
the mountains in these two directions for an outing and to collect 
specimens, and has particularly observed the insect on such occa- 
sions. We are, therefore, more familiar with the situation regard- 
ing this species in these localities than elsewhere. On such visit 
to the mountains in a canon and on the nearby hill slopes, in examin- 
ing for this moth, it is unusual to find even a single tree that is not 
affected. On several occasions we have failed to find even a single 
uninjured tree, and on affected trees it is with difficulty, and only 
after extended search, that one is able to find a single uninjured 
cone. Not only.are the cones of lower limbs and smaller tress 
attacked but of the tips of the trees as well. This has been dete: 
mined by climbing to the tops of the trees and examining. The ex- 
tent to which individual cones are injured is discussed in another 


paragraph. It would be very difficult and expensive to determine | 


with anything like approximate accuracy the percentage of injury 
by this insect, and the value of such precise information would not 
justify the cost. We have, however, made a careful, though very 
rough estimate, of the percentage of injury over the affected area 
with which we are most familiar and believe that under five per 
cent of the seeds escape. 


PREVIOUS LITERATURE. 


Mr. D. W. Kearfott was the first to mention this insect in liter- 
ature, referring it to the genus Cydia, and giving it the specifice name 
of pseudotsugana in reference to the botanical genus to which the 
host-tree belongs. The description and brief notes were published 
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in the Canadian Entomologist for April, 1904, Vol. XXVI, page 
110. They were made from twenty-three specimens collected by 
Dr. Dyar at Kalso and Kiokanee mountain and from other specimens 
taken torpid on the snow of Kitchener glacier about August 
Ioth. Adults were also reared by him from larvae taken June 24 
on Douglas Spruce. The type is in the United States National 
Museum under the number 7788. 

So far as we know only this one mention of the species has been 
made in literature, but Dr. Dyar probably has some unpublished 
notes on the early stages. 


LIFE HISTORY AND DESCRIPTIONS. 


Examining in the winter one finds the insect in the pupa stage 
near the center of the cone. In this respect this insect differs from 
the well known codling moth, which belongs to the same genus, 
as now placed by systematists. The codling moth passing the 
winter in the cocoon in the mature larval condition. The date cf 
appearance of the mothes varies with the season but the great bulk 
of them appear in the month of June. A few early arrivals mav 
come in May and we have specimens taken early in the month of 
July. 

The following description of the moth is the one given by Kear- 
fott in the Canadian Entomologist, Vol. XXVI, page 110: 

“Head, fawn color, the scales standing separately, and giving 
speckled appearance, by darker shades at their bases; face darker. 
Falpi, fawn color inside and at base outside, shading into dark 
brown; terminal joint bare, projecting its full length beyond tuft 
of second joint, blackish-brown, a dot of fawn on extreme tip. Thor- 
ax and patagia same as head, very dark brown beneath, irrorated 
with fawn-color tips of scales. Fore wing, shades of whitish grey, 
fuscuous and black. The basal patch occupies a little more than 
one-third of the length of wing on the median line, angling sharply 
inwards to costal and dorsal margin, both of which it reaches at the 
inner fourth. Ground color, greyish white, almost evenly spread 
dark brown and black, the dark color is concentrated in three dots 
on fold, the middle one extending in a line nearly to dorsum, and 
beyond these a dark oblique line, defining the basal patch to median 
line, thence abruptly angling inward nearly to, but not reaching, 
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above and the one below. The cone at this time is soft and the 
scales are thick and fleshy. As the caterpillar grows more food is 
required and thé burrow is dug more deeply into the cone. The 
seeds have formed by the time the caterpillars have hatched, but 
they are not attacked until the caterpillars are about half grown. 
Meantime the caterpillar has eaten its way inward until it is next 
to the central shaft of the cone. Then the seeds are attacked and 
the larva works its way up and down the shaft often in a more or 
less spiral course around the shaft. In almost all cases, all or practi- 
cally all, of the seeds are eaten. If any are left it is generally at 
the tip of the cone. The caterpillar nears maturity as the cone 
hardens and most, if not all, of the feeding is done by the time the 
cone is fully hardened and opened for the escape of the seeds, 
though a few caterpillars have been found in cones on the ground 
in the fall. 

The adult larva is about three-fourths of an inch in length. The 
general color is an opaque resinous red, making it inconspicuous. 
when crawling over a cone. In general appearance and motions it 

“is much like the codling moth larva. 

The accompanying photographs show the work of the larvae 
in the cones and seeds. 

A rather firm cocoon is constricted in the more or less spiral, 
tubular burrow, generally about midway between the end of the 
cone, and in the cocoon the larva transforms to the pupa in the fail 
of the year, and in this stage the winter is passed. In the fall and 
early spring, as well as in the winter, we have repeatedly found the 
pupae in the cocoons. A close examination of the pupae in the fal! 
shows a large proportion of the cocoons to contain the larvae of 
various parasitic Hymenoptera in place of the host. Thus this in- 

‘sect has one annual brood or life cycle in Montana. 


EXPLANATION OF PLATE. 

Figure a: A single egg on a bract, enlarged; b, moth, enlarged ; 

¢ and d, a cone broken open showing the work of the larvae ; 78, seeds, 
showing how they are eaten by the larvae. aay 


? 
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noon. It is well known that the codling moth prefers the warm, 
early evening hours for egg-laying. 

Whether the cones remain on the tree during the winter or 
drop to the ground in the fall is apparently rather immaterial to the 
insect. Sargent, in his “Silva of North America,” states that the 
cones “mostly fall off as soon as their seeds have escaped in the 
autumn.” The writer believes that fully one-half of them may be 
found on the trees in the spring, but they are easily removed with 
the hands either in the late fall or early spring. It is certain that 
iarge numbers of moth-infected cones drop off.in the fall. We have 
picked them up in baskets for the purpose of getting material from 
which to rear parasites, but since practically all on both the ground 
and the trees alike were infested by the larvae, we are unable to 
state whether the presence of the insects tends to make the cones 
hang longer or drop quicker, or whether they have no effect in this 
respect. The eggs are laid directly on the young cones and in our 
alcoholic material they are all to be found on the bracts, none being 
on the scales. At the time the eggs are laid, as later, the surface- 
of the bracts as seen under a hand lens, is very much smoother than 
the surface of the scales. It is not surprising, therefore, that the 
eggs are laid on the smooth bracts, for it is well known that the 
codling moth females prefers to deposit her eggs on a smooth glossy 
surface such as may be found on the upper surface of the leaves or 
on the polished surface of a half grown apple. 

The egg is flattened, with a flange around the edges, and with 
the central portion more convex, nearly colorless, glossy and with 
irridescent reflections, 1 mm. in length, by one-sixth less in width; 
upper surface with irregular reticulations. Several eggs may be 
found on a single cone. The length of the period of incubation has 
not been determined. 

In the summer of 1907 the eggs were laid during the last week 
of June, and the small caterpillars were to be found in abundance 
in the cones on the 1st of July. Three larvae were found in a single 
cone in alcoholic material taken.on July.2nd, and it is prohable that - 
more than that number could be found in one cone. There scems 
to be no definite point selected by the larva in entering the cone. 
Sometimes an angular depression, where two scales meet, is selected, 
but a fully exposed spot may be used. The young caterpillar usuai- 
ly eats at first from between two scales, feeding both from the one 
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BULLETIN No. 171. 


THE PINE-LEAF CHERMES 
AND 
THE GREEN-WINGED CHERMES.* 
Epitra M. Parcu. 


Tue Pine-LearF Cuermes (Chermes pinifolie Fitch). 

On account of recent troubles, varying in nature and impor- 
tance, of the white pine in Maine a close watch has been kept 
over the pine by people throughout the State, which has resulted 
in their becoming interested in many insects of the white pine 
heretofore attracting but little attention. 

Conspicuous among such insects during the early summer 
of 1909 was a dark reddish-brown plant louse, “The Pine-leaf 
Chermes” shown in Fig. 43 in its characteristic position on the 
pine needles where it settles to lay its eggs. This Chermes 
appears upon the pine needle about the middle of June, and 
some years in conspicuous numbers., 

The past summer (1909) hardly a pine in the vicinity of 
Orono could be found that was not abundantly infested with 
these winged forms and that the same was true in other parts 
of the State was shown by specimens submitted to the Station. 
One such report from Gilead June 25, accompanying specimens, 
read “Millions of the flies on white pine.” 

The eggs of this species are not expelled from the bodies 
of the females. The insects attach themselves firmly to the 
pine needles with their heads toward the base of the needle and 
die there with the eggs held in the abdomen which is like a little 
sac protected by the wing of the parent Chermes. Such a 


* Papers from the Maine Agricultural Experiment Station; Entomol- 
ogy No. 37. 
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cluster contains about 100 eggs. ‘These hatch in 8 or to days 
from the time the Chermes appear on the needle of the pine. 
The young settle about the new growth of the shoot and pierc- 
ing the tender tissue with their beaks, suck the sap. Where 
the infestation is heavy this causes a yellowish and sickly 
appearance of the new growth which is sometimes thus con- 
siderably stunted. The young, though exceedingly minute, can 
be located because they produce a white flocculent waxy secre- 
tion which makes their presence discernable.* 

The Pine-leaf Chermes is one of those species of plant lice 
that have alternate “host plants,” that is, they pass one stage 
of their life o1 one plant and the succeeding stage on another 
species of plant. 

The winged Chermes that appear suddenly upon the needles 
of the pine in mid-June have not developed on the white pine 
but in a cone-like gall common on the Red Spruce and Black 
Spruce, see Fig. 44. This gall is an abnormally developed shoot, 
the unusual form of growth being stimulated in some way by 
the presence of the Chermes. The young Chermes can be 
found in these galls by opening the sections of the galls where 
little’ reddish brown objects will be seen,—the developing 
Chermes. 

These galls though sometimes very abundant in Maine are 
likely to escape notice as they are so cone-like in appearance as 
to seem to the superficial glance a normal part of the spruce. 
They were observed by Packard as common in Maine and the 
plant louse forming them was named abieticolens in 1879, the 
fact that they were the same species Fitch recorded for the pine 
needle not being known at that time.t 


* Another much smaller species of plant louse (Chermes pinicorticis) 
is frequently present on the trunk of the same tree in such numbers as 
sometimes to cover almost the entire trunk with a white down. 

t This species develops in a conelike gall on the black and red spruces 
(in which connection it was named abieticolens in 1879 by Thomas and 
subsequently merged by error with abietis in 1897), and migrates to the 
needles of the white pine (in which connection it had been previously 
named pinifoliae by Fitch in 1858, and merged by error with pinicorticis 
in 1869). This historical discussion with full reasons for resurrecting 
this doubly merged species under the original name of pinifoliae, which 
has been discarded for about 40 years, will be published presently in 
more technical form by the Maine Agricultural Experiment Station. For 
the purposes of this economic bulletin it is not necessary to include 
either detailed descriptions or discussion. 
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The full grown Chermes acquire wings about the middle of 
June when they leave the spruce galls and seek the white pine. 

Remedial Measures. ‘There would seem to be no practical 
method of combatting this insect in forest growth. With orna- 
mental trees, however, the galls could be removed from the 
spruce previous to the emerging of the winged form. 
Also if the species proves constantly troublesome it might be 
desirable not to plant the white pine in the vicinity of black 
or red spruce and vice versa. 

Spraying with whale-oil soap (1 pound to 2 gallons of water) 
would doubtless destroy the young on the white pine shoots, 
but it is doubtful that this would be usually worth while in 
Maine where Syrphus flies abound. The larve of these, little 
light colored maggots, have been found to feed industriously 
on the young Chermes. So numerous are these beneficial mag- 
gots at times in the midst of the white waxy secretion of the 
Chermes that they are sometimes mistaken by people submitting 
them for determination as the cause of the trouble. 


THe GREEN-WINGED CHERMES (Chermes abietis Linn). 

An entirely different sort of gall common in Maine on the 
White Spruce, and Norway Spruce, is caused by another 
species of Chermes which is here termed the “Green-winged 
Chermes” as the conspicuous and constant green tinge of the 
wings is a character which will readily serve to distinguish it 
from the “Pine-leaf Chermes” by those who would find a more 
technical comparison troublesome. 

Fig. 45 shows 3 of these galls together with 6 cones, about 
natural size on a white spruce twig. It will be seen that these 
galls differ from those shown in Fig. 44 in not being cone-like 
and in not being characteristically terminal on the shoot. These 
abietis galls do not usually cause the death of the shoot on which 
they grow but they do cause deformed branches and frequently 
ruin a small tree for ornamental purposes. Such galls are very 
abundant on the Norway spruces on the University of Maine 
Campus. That they are troublesome on native spruce in this 
locality is shown by the fact that on a single white spruce 3 
feet tall more than 990 of this season’s galls were ‘counted 
August I, 1909. Where so numerous, these galls are much 
smaller than those shown in Fig. 45. 
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These galls begin to open about August 15 in Maine. The 
full grown pup walk out on the spruce needles, where they 
molt their pupal skins. The newly emerged winged insect is 
yellowish with distinctly green wings and even the wings of the 
aged specimens retain the green color. 

Unlike the Pine-leaf Chermes, this Green-winged Chermes 
does not use alternate host plants. That is, it does not seek 
the pine or any different kind of tree to lay eggs on than that 
on which it produces the galls. Shortly after emerging from 
the gall it lays its eggs on the spruce and the young which hatch 
from them do not acquire wings but develop to a wingless form 
living solitary over winter on the twig. This is the form that 
lays eggs in the spring for the generation that causes the 
development of the gall which shelters them. 

Remedial Measures. Spraying the trees in April with whale- 
oil soap solution (1 pound to 2 gallons of water) has been 
reported as effectual. (34th Report Mass. Agric. College). 
The practice of removing and burning the galls will serve to 
control this species sufficiently on ornamental trees. At Orono 
great numbers of the winged forms are caught in spiders’ webs 
that are spun irregularly over the spruce twigs. 
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Fis. 43——The Pine-Leaf Chermes. Migrants from the 
spruce-gall to the white pine. 


Fic. 44—Black spruce twig with two 
cone-like galls caused by the Pine- 


Leaf Chermes. 


Fic. 45—Twig of white spruce with three “pine-apple galls” of Chermes 
abietis and six normal cones. 


BULLETIN 170. 


Bulletin 170 discussed from the technical standpoint two 
species of fungi that have, for the past two years, been under 
experimental observation by the plant pathologists in relation 
to apple diseases. The practical bearing of these fungi upon 
orcharding will be discussed in a bulletin to be issued early in 
1910. For these reasons this bulletin (170) was printed in a 
limited edition and was sent only to the official mailing list, to 
libraries and to exchanges. Copies may be had on application 
to the Station. 


OHIO DEPARTMENT OF AGRICULTURE. 
DIVISION OF NURSERY AND ORCHARD INSPECTION. 


BULLETIN No. 7. 


The Insects Affecting the 
Black Locust 
and Hardy Catalpa 


By E. ©. COTTON, B. Sc., 
Assistant Inspector. 


Columbus, Ohio: 
Fred. J. Heer, State Printer 


LETTER OF TRANSMITTAL, 


OHIO DEPARTMENT OF AGRICULTURE, 
Diviston oF NURSERY AND ORCHARD INSPECTION. 


CoLtumBus, Ouro, December 15, 1905. 


Hon. W. W. MILtrr, Secretary Ohio State Board of Agriculture. 

Str:—TI have the honor to transmit the accompanying manuscript 
on “The Insects Affecting the Black Locust and Hardy Catalpa,” by Mr. 
E. C. Cotton, an Assistant Inspector of this Division. 

The greater part of the work on “The Insects Affecting the Black 
Locust” was prepared by Mr. Cotton under the direction of Prof. Her- 
bert Osborn and submitted as a thesis for the degree of B. Sc. at the Ohio 
State University, in June, 1905. Since that time more references have 
been consulted, and the observations made this season have been included. 
The part relating to the “Insects Affecting the Hardy Catalpa” has been 
prepared from the records of this Division and the reports of observations 
made by the different inspectors, together with the recorded facts in the 
literature already published. 

In view of the increasing importance which the planting of Black 
Locust and Hardy Catalpa is assuming in Ohio, and the desirability of 
having the facts concerning the pests that attack these trees placed on 
permanent record for the use of parties interested in growing or propa- 
gating these trees, I therefore recommend its publication as Bulletin No. 
7 of this Division. 

Respectfully submitted, 
A. F. Burcess, 


Chief Inspector. 


Approved for publication. 
W. W. MILLER, Secretary. 


3 


PREFACE. 


The state of Ohio, when first visited by white men, was covered 
with a rich and varied growth of the most valuable of the forest trees 
native to this region. Magnificent specimens of white oak, black walnut, 
tulip and chestnut, as well as a large number of other trees, whose wood 
is of less value, were abundant. 

The early pioneers cleared away the forests to secure land for agri- 
cultural purposes, and the rapid growth in population caused an increased 
demand for wood and its various products, which resulted in a further 
reduction of the forest area. This clearing process has been continued, 
until to-day less than 23%. of the state is wooded. A very large pro- 
portion of this area consists of farm woodlots, from which nearly all of 
“the merchantable timber has been removed, and natural reproduction is 
being prevented by pasturing: with live stock. 

For many purposes other materials may be substituted for wood, 
and this is well illustrated in the use of steel and masonry for the con- 
struction of bridges and buildings, but in some cases no satisfactory sub- 
stitutes for wood are known. 

Many farmers are replacing the old rail.fences with those constructed 
of wire, but they have been unable to find anything with which to suc- 
cessfully replace wooden fence posts. Iron, steel and concrete, alone, and 
in various combinations, have been tried for this purpose. All of them 
lack one or more of the essential qualities of an ideal fence posts, i. e., 
durability, portability and comparative cheapness. The latter item covers 
not only the first, cost but the ultimate cost as measured by the life of the 
post, and constitutes one of the strongest objections to most of these 
substitutes. 

Ohio’s natural supply of wood suitable for fence posts is at present 
far below the demand, and many farmers, realizing this condition, are 
beginning to plant trees to supply local demands. Of those varieties of 
trees suitable for posts and which may be grown in this state, the black 
locust and hardy catalpa are receiving the most attention. In order to 
grow these trees successfully in artificial plantations, the farmer should 
be able to recognize their most serious insect enemies, and should be 
sufficiently familiar with their character and habits to combat them intel- 
‘linegtly. 

Railroad managers are experiencing difficulties in finding a perfect 
substitute for wooden cross-ties. Steel and concrete have been tried for 
this purpose also, but both are lacking in that elasticity which, with a 
certain degree of firmness, makes the wooden tie so valuable. Until 
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recently white oak cross-ties were used almost exclusively on Ohio rail- 
roads. The extension of steam roads, and the replacement of worn and 
decayed ties, together with the rapid development of electric roads, in 
the past decade have practically exhausted the supply. of this wood, so 
that the railroads are now obliged to use less durable varieties of timber. 

Some of the larger railroad systems are co-operating with the United 
States Bureau of Forestry in experiments to test the value of cross-ties 
made of some of the less durable varieties of wood which have been 
treated with preservatives. A few of the more progressive and far-see- 
ing railroad managers, realizing the necessity, are turning their attention 
to growing the western catalpa on a large scale, with the idea of meeting 
the future demands of their respective systems for cross-ties and tele- 
graph poles. 

The black locust and hardy catalpa are deservedly popular because 
of their many good qualities and would undoubtedly be planted more 
extensively were it not for several important insect pests which prey 
upon them. The former suffers the greatest injury. 

It is the aim of this bulletin to place the knowledge already obtained 
concerning the insects affecting these trees before the grower in as con- 
cise a manner as possible. Some of the insects enumerated are not at the 
present time sufficiently numerous-to do serious damage, but the planting 
of these trees on a large scale will greatly increase their food supply, 
and furnish favorable conditions for a rapid increase in numbers; hence 
serious injury is likely to result. 

The portion dealing with the insects of the black locust was written 
as a thesis for the degree of Bachelor of Science at the Ohio State Uni- 
versity. It was prepared under the direction of Prof. Herbert Osborn,’ 
whose valuable help and suggestions and kindness in permitting the use 
of his library are hereby gratefully acknowledged. Thanks are also due 
Mr. A. F. Burgess for the use of the field notes of the Division of Nur- 
sery and Orchard Inspection, and assistance in preparing the whole for 
publication. 

The portion dealing with the insects affecting the catalpa includes 
the notes and observations made by several of the inspectors of this 
Division during the past year, and was added because of the close asso- 
ciation of these two trees in an economic way. 


THE INSECTS AFFECTING THE BLACK LOCUST 
AND HARDY CATALPA. 


THE INSECTS AFFECTING THE BLACK LOCUST. 
INTRODUCTION, 


The black locust (Robinie pseudacacia) is known under a number 
of common names, the more prominent of which are “yellow locust” and 
“black locust.” In some sections these two names are supposed to refer 
to two distinct species, but this is not the case. The term “black locust” 
has been adopted by the United States Bureau of Forestry as the proper 
common name for this species. By some it is also confused with the 
honey locust (Gleditsia triacanthos) from which it differs by having a 
more upright growth, smaller,seed pods, and being devoid of the large 
branched thorns so conspicuous on the latter. These thorns sometimes 
entirely cover the trunk and lower branches. Unfortunately some sci- 
entists have also fallen into this error, hence we find entomological writers - 
using the common names of trees in such manner as to make it impossi- 
ble to determine to which species they refer. 

The natural geographical range of the black !ocust is from Pennsyl- 
vania to Georgia, Iowa and Indian Territory, but through planting it has 
become thoroughly naturalized in the Eastern and’ Middle States and 
Eastern Canada. The fact that this tree possesses a high degree of nat- 
ural adaptability to widely different soil conditions, extreme hardiness, 
vigorous growth, wonderful reproductive powers and great durability of 
its wood, makes it one of the best of the post and pole timbers that can 
be grown commercially under Ohio conditions. 

There is in the state a large area of land that is too poor and rough 
for profitable agricultural operations, which will, if simply left alone, 
grow black locust trees of merchantable size in from ten to fifteen years. 

In spite of its many good qualities the black locust is not planted 
extensively, because it is subject to attack by several serious insect ene- 
mies. In some sections these pests are so numerous, and their work so 
thorough and persistent, as to render it impossible to grow this tree. The 
trunk and branches are sometimes injured by boring larve to such an 
extent as to cause death, or so ‘weakened that they are readily broken off 
by the wind. The leaves are eaten by a large number of insects, but 
serious damage is confined to a few species. The buds are often injured 
by a species of curculio. Serious damage from this source is compara- 
tively rare, but the writer has observed cases where so many of the buds 
were destroyed by these curculios as to practically prevent the production 
of seed. 


In the preparation of this bulletin several references were found of 
insects feeding upon the “locust,” and where it was not clear which 
species was referred to they were not included. The references given 
in the bibliography which follows each insect are those which have a 
direct bearing upon it as an enemy of the black locust. In some cases 
the description of the insect in one or more of its stages, notes on its life 
history or its natural enemies, are included. 

Dyar’s List of North American Lepidoptera was used as a guide in 
correcting the specific names of the insects belonging in that order and 
in referring them to their proper genera. In Coleoptera Henshaw’s List 
of the Coleoptera of America, north of Mexico, was followed, and Mrs. 
M. E. Fernald’s catalogue of the Coccide of the World was consulted 
in naming and arranging the scale insects. 


THE LOCUST BORER. 
Cyllene robwmiae Drury. 
Order CoLzopTera; Family CERAMBYCIDAE. 


This insect is one of the most destructive enemies of the locust tree. 
Its attack is so insidious, and the injury done is so inconspicuous until 
the damage is complete, that it is not often noticed by the casual observer, 
‘and fine trees or plantations may be almost ruined before the owner knows 
that any injury is being done. So far as the writer’s personal observa- 
tions go, the injury is greater in single trees planted for ornamental 
purposes and plantations of considerable size than in natural forests. 
This is probably due to the fact that, in the latter case, the injury is 
distributed over a large number of trees, and therefore less attention is 
given to any one. In many parts of the state where the trees are plenti- 
ful and grow thriftily the damage is less apparent, as the growth is rapid 
enough to heal over the injury caused by the larvae. 

In this state a black locust tree without one or more dead patches 
on its trunk, caused by the workings of these insects, is the exception 
rather than the rule. The writer has seen plantations in which the trunks 
of nearly all the original trees had been killed by these larvee, and sprouts 
thrown up from the lower part of the trunks had been in turn destroyed ; 
and in extreme cases the same fate had overtaken the second set of 
sprouts, none of them growing larger than three inches in diameter and 
being so thoroughly tunneled as to be worthless, except for firewood. 

_ The present geographical distribution of this pest is practically the 
same as that of its host. Forster mentions this insect as an enemy of the 
locust, in New York, about 1766, and it has gradually advanced west- 
ward and southward with the spread of the tree. It was first noticed 
in large numbers on the black locust trees at Rock Island, Ill, in 1863, 
and during the two following years completed the destruction of nearly 
all the locust trees in that city. : 


Fig. 1, 


Fig. 3. 


showing sawdust thrown out 


Fic. 1. Section of stem of a small black locust tree, 
by larvae of the Locust Borer (Cyllene robiniae). Natural size. ( Original.) 


Fic. 2. Same as Fig. 1 with bark removed. Natural size. (Original. ) 
7 -+. -iaesinw im-yae of the Locust Borer (Cyllene robiniae ) 
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Fic. 4. Cross section of small black locust tree showing injury caused by larvae 
of the Locust Borer (Cyllene robiniae). (Original.) 


Harris describes this insect as follows: 


“The adult insect has a velvet-brown body, ornamented with transverse yel- 
low bands, of which there are three on the head, four on the thorax, and six on 
the-witigcovers, the tips of which are also edged with yellow. The first and second 
bands on each wingcover are nearly straight; the third forms a V, or, united 
with the other, a W; the fourth is also angled and runs upward on the inner | 
margin of the wingcover toward the scutel; the fifth is broken or interrupted by 
a longitudinal elevated line; the sixth is arched and consists of three little spots. 
The antennae are dark brown, and the legs are rust red. The insect varies from 
six-tenths to three-fourths of an inch in length.” 
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Fic. 5. Adults of the Locust Borer (Cyllene robiniae):—a, male: b. female 
Natural size. (Or:eina.1 
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This insect has been confused by many with the painted hickory 
borer, (Cyllene pictus), from which it differs in the following manner: 
Antenne and legs are more slender and shorter; posterior end of the 
body tapers to a less blunt point. There is also a considerable difference 
in the host tree and time of emergence of the adults, the hickory borer 
inhabiting the hickory and appearing in May and June (adults of this 
species were captured near Columbus, May ist, 1905), while the locust 
borer feeds in the stems of locust trees and does not emerge until late 
in August or September. 

During September the adult beetles may be found feeding upon the 
flowers of the golden rod, where their colors so successfully mimic those 
of the flowers as to partially protect them from insectivorous birds. 

‘ Shortly after emergence. they pair, and the female, accompanied by 
her mate, creeps over the bark of the locust trees, searching the crevices 
with her antenne, and dropping therein snow-white eggs. in clusters 
of seven or eight, and at intervals of five or six minutes, until her entire 
stock is safely stored. The eggs soon hatch and the larve burrow into 
the bark, feeding upon the soft inner bark and remaining there during 
the winter. At this time many of them have. attained a length of half 
an inch. In the spring active operations are resumed, but the larvae 
burrow through the inner bark into the sap wood. They are voracious 
feeders and grow very rapidly. The general course of their winding bur- 
Tows is in an upward direction from the place of entrance. In this latitude 
the work.of the larvee is first noticed about May 1st by the oozing of the 
sap from the burrows, and later by the sawdust which is thrown out. 
One can readily determine when the larve have reached the sap wood by 
the change in color of the chips. Those from the bark are brown, while 
those from the sap wood are white. For a time they force the chips out 
as fast as made, but the passage often becomes clogged and the burrow 
filled with the fibrous material. In such cases the larve make another 
opening through the bark. They become full grown about July 20th, 
and soon pupate, the adult beetles leaving the trees early in September. , 

The body of the mature larva is about one inch in length, cylindrical 
or slightly flattened, whitish in color, with three pairs of brownish-black 
legs on the thoracic segments; legs conical, short and terminating in a 
slender point; mouth parts brownish-black. 


REMEDIES. 


On account of the nature of the work of the larve, very little can 
be done in combating the pest, except applications made to prevent egg 
laying. With this end in view, numerous substances have been tried by 
different experimenters, but no specific has been found. Washing the 
trunks of valuable trees with soft soap solution late in August or Sep- 
tember has been recommended. The effectiveness of this preparation 
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is based partly upon its repellant properties, and partly upon the fact that 
any soapy, oily or greasy substance, when applied to the bodies of insects, 
will close the breathing pores, thus smothering them. Whitewashing 
or coating the trunks of trees with grafting wax has also been recom- 
mended. Of these remedies, whitewashing will probably be more effec- 
tive, especially if some repellant, such as, whale oil soap, be added. This 
solution can be applied with a spray pump very effectively, and at small 
expense, 
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THE LOCUST TREE CARPENTER-MOTH. 


Prionoxystus robiniae Peck. 


Order Leprpoprera; Family Cossrpae. 


The 


‘ 
larva of this insect is, perhaps, next to the locust borer, the most 


destructive of the locust infesting insects. This pest is known to exist 
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from Maine to Texas, and has also been observed in California. It may 
eventually be found to prey upon forest trees in all parts of the United 
States where the black, red and white oak and locust trees grow. We 
may safely assume that a considerable portion of the damage now attrib- 
uted to the locust borer (Cyllene robiniae) would, if carefully. examined 
into, be rightfully charged to this insect. It is capable of doing greater 
damage to the trees because of the larger size of the tunnels which it 
makes, these being from one-half to three-fourths of an inch in diameter, 
and because the greater portion of the larval life is spent in the heart 
wood. On account of the work being entirely within the body of the 
tree, it is very difficult to discover until the insect has reached maturity. 
As it requires three years to attain its full growth, and during this time 
is tunneling through the heart wood, the damage may be great enough 
to destroy the commercial value ‘of the wood for sawn lumber, It also 
renders the wood less valuable for posts, poles and other forms of struct- 
ural timbers, as these large tunnels not. only weaken the stick but also 
allow the free entrance of water to the very heart of the timber. 

Besides the three common forms of oaks and the locust, enumerated 
above, the larvze of this moth is reported as inhabiting the willow, poplar 
and chestnut. 

The pupa transforms to the adult in June or the forepart of July. 
The adult flies only at night, remaining at rest during the day, clinging 
to the trunks of trees, the bark of which the gray color of its wings and 
body so closely resembles. When in repose its gray wings are folded, 
roof-like, over the body in such manner as to render the whole insect 
very inconspicuous. 

The male moth is much smaller than his mate. Head and thorax 
gray, marked with black; abdomen black, with dull yellow sutures; legs 
black. The black ground color of the forewings is thickly sprinkled 
with white scales, forming gray spots, or clouds, which are netted with 
black lines. The hind-wings are black, with the posterior half of a rich 
vellow color, bordered with a black line upon the hind margin. 

The female moth is paler gray, the hind-wings entirely destitute of 
the bright yellow color of the opposite sex. The body is densely coated 
with gray scales, the under side being hoary white; the legs are gray, 
with black bands. 

Soon after emerging the female deposits her eggs, which, according 
to different authorities, vary from three hundred to one thousand. They 
are dropped into cracks and crevices in the bark, without other protection 
than the glutinous substance with which they are covered, and which dries 
and hardens immediately upon exposure to the air. These eggs, which 
are of a dirty white color, with a black spot at one end, and finely reticu- 
late, are about one-tenth of an inch long by three-fourths as thick. Because 
of their large size the eggs are an easy prey to birds, and this perhaps 
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explains why, in spite of the great prolificacy of the females, the damage 
occasioned by the larve is not greater. 

Upon hatching, the larve work their way into the soft inner bark, 
where they feed until their jaws have attained strength enough to attack 
the harder sap wood, finally reaching the heart wood, where they feed 
until nearly mature. They seem to prefer the living wood to that which 
has begun to decay. : 

Before maturity the color of the larva is cherry-red, marked with a 
faint yellowish stripe along the back. After the last molt the bright red 
color changes to white, with green markings. The head is a tawny yel- 
low with black mouth parts; body nearly. cylindrical, somewhat flattened. 
below, with scattered, long, fine hairs. At maturity it measures from. 
two to three inches in length by one-half inch in diameter. 

Before changing to the pupa staté the larve bore through the sap. 
wood, or inner bark, and the outer bark except a very thin shell; they 
then retire about three or four inches into the burrows, spin their cocoons, 
and transform. When ready to emerge, the pupe force their way, by 
means of the backward projecting spines on the abdomen, to the mouth 
of the burrow, where the empty pupa cases may be found hanging from 
the opening. The pupz are about an inch and three-fourths long by 
about half an inch thick, and of a dull chestnut color. 

Because of the nature of the work of this pest, the treatment must be 
largely preventative. The treatment suggested for the locust borer would. 
probably be as effective here as anything, the only modification necessary 
being to make the applications during the latter part of June ‘or July, 
instead of August and September. 
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THE LOCUST HISPA. 
Odontota dorsalis Thunb. 
Order CoLEoPTERA; Family CHRYSOMELIDAE. 


This insect is a native of North America, and is known to occur in 
the New England, Middle and Western States. Although attacking the 
leaves only, it is nearly as destructive to the trees as the locust borer, for 
this tree, unlike the elm and several others, does not put forth a second 
ctop of leaves in any given season, if the first be destroyed by insects or 
other agencies. In many portions of Ohio the injury done by this pest 
is very great. It is especially noticeable along the Ohio River from 
Jronton to Gallipolis, and was particularly severe near the latter place 
during the seasons of 1904 and 1905. During the latter part of July and 
August and early September, locust groves appeared as if scorched by 
fire, practically all of the leaves being mined and skeletonized. Infested 
thickets located upon the hillsides could be distinguished, several miles 
distant, by the brown and seared appearance of the foliage. 

The adult beetles may be found on the leaves of the black locust 
from early May until October, but are most abundant during the latter 
part of July and August, at which time the first brood has matured. The 
beetles are usually seen apparently motionless upon the surface of the 
leaves, but closer examination will show that they are busy feeding. At 
first, oblong holes are eaten, but later in the season the leaves are simply 
skeletonized from the upper side. While eating, the beetle rests upon 
its forelegs, the body extended at an angle of about sixty degrees from 
the surface of the leaf. At night, during rainy weather and during 
oviposition, they are to be found on the under sides of the leaves. 

But brief mention was made of this insect in Packard’s Fifth Report 
of the U. S. Entomological Commission. Apparently it was not consid- 
ered of any great economic importance, but since that time it has 
attracted considerable attention, having been the subject of a special 
treatise by Mr. F. H. Chittenden, in which he records serious damage to 
locust trees near Washington, D. C. The first serious injury was 
reported from Frankfort, Ky., in 1868, where the beetle was said to 
have completely eaten the leaves off of the black locusts, in some instances 
killing the trees. (Bulletin 38, n. s., U. S. Div. Ent.) It has also been 
prominently mentioned among the destructive locust pests of Kentucky 
and West Virginia. 

In 1896 it was reported by Prof. Webster as defoliating the locust 
trees in Brown, Clermont and Hamilton counties, Ohio, and he states 
that “the same conditions were true of the adjacent portion of Ken- 
tucky.” : 
The adult beetle is somewhat flat in form; tawny-yellow above, with 
a black strip down the middle of the back, usually occupying about one- 
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half of the total width; the wing-covers have ten longitudinal series or 
rows of punctures, and three of the interstices form elevated ribs. 

The insect winters in the adult stage, and the eggs are laid on the 
young leaves the following spring. The eggs, which are white, short and 
‘disclike, witha thin shell, are deposited in masses of five or six. They 
are placed-in asrow; the flattened surfaces, touching, and are covered with 
‘a brown shellac-like coating, by which they are, protected. On hatching, 
‘the young larve break through the under side of the egg case and burrow 
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Fic. 6. Black locust leaves showing injury caused by larvae and adults of the 
Locust Hispa (Odontata dorsalis). ( Original.) 


into the leaf tissue below. For a few days these larvee occupy the same 
burrow, but usually all, except one, migrate to other leaves and form 
mines in the tissue. The mines are quite characteristic, and may be dis- 
tinguished from those of other leaf miners on the locust. The larvee 
consume the whole of the parenchyma, of that portion of the leaf attacked, 
making an irregular mine equally visible from either the upper or lower 
surface. Tineid larve eat only the parenchyma of the upper surface of 
the leaves, so that the mines are visible from. that side only. . 

The mature larve are elongate, slightlv tanerino nacterinely +s sain 
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yellowish-white; the head and legs brownish, immature larve slightly 
lighter in color; segments of the body tuberculate on the sides, - 

The pupe are at first whitish, later becoming a rich honey color. 
They are more convex and shorter than the larve, but resemble. them 
otherwise. The tubercles still persist, and each is furnished with two 
or three bristles, which, together with several spines and tubercules on 
other portions of the body, enable them to move about. im the mines 
quite rapidly. r 

In Ohio there are probably two generations, especially in the south- 
ern portion, while in more northern regions there is probably but one, 
_At Columbus, June 24, 1905, a large number of egg masses were found, 
a few of which had hatched, and on July 29 near Logan, Ohio, . several 
mines were opened and found to contain larve in all stages, as well as 
pupz. A considerable number of newly-laid egg masses were also noted. 
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Fic. 7. The Locust Hispa (Odontata dorsalis); a, larva (from Chittenden, Bul. 

38, (n. s.) Div. Ent. U. S. Dept. Agri.); b, pupa; c, adult; d, egg mass 
and beginning of mine (shaded portion) on black locust leaf. Greatly 
enlarged. (Original. 


At New Concord all stages of the insect were found on September 6, 
1905, and one newly-laid egg mass was observed. ; 

The insect has quite a wide range of food plants, having been 
observed feeding upon the leaves of white oak, beech, birch, hawthorn, 
apple, crab-apple, the tender leaves of Ulmus americana and the red oak. 
It also feeds upon herbaceous plants, as quite large numbers of them 
were seen by Mr. Chittenden feeding upon clover plants growing under 
locust trees at Cherry Dale, Va. They are also known to feed upon the 
hog peanut (Falcata comosa) and the soy bean. 


NATURAL ENEMIES. 


Dr. Howard reports four parasites which he has been able to rear 
from larve and eggs of this insect, and one possible secondary parasite; 
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Trichogramma, odontotae How. Reared from egg masses. 
‘In nearly every case where one egg was parasitized, all of the 
eggs in the mass were similarly attacked. The adult parasite 
gnaws its way out through the leaf, emerging from the upper 
surface. 

Derostenus primus How. A chalcid reared from egg 
masses, but is thought to be a secondary parasite on Tricho- 
gramma odontotae. 

Sympiezus wroplatae How. A hymenopterous parasite, the 
‘white larve of which was found feeding externally upon the 
larvee of O. dorsalis. 

Spilochalcis odontotae How. Seen emerging from pupa of 
O. dorsalis, This is an internal parasite. 

Ichneumon hispa Harris. Bred from pupa of QO. dorsalis. 


The young larva of the wheel bug (Priomdus cristatus) is also 
reported to feed upon the larve and adults of this species. They kill 
the larve by piercing them with their beak through the epidermis of 
the leaf. 

REMEDIES. 


. In spite of the fact that this insect is a very serious pest, little has 
been done in the way of attempting to control it. One of the remedies 
suggested is the burning of all leaves and trash under the trees late in 
the fall, in order to destroy the hibernating adults, but, judging from 
observations made by the writer in April, 1905, little can be accomplished 
in.this way unless the material is very dry. On April 3 several adults 
were found at Leesburg, Ohio, in the fine leaf mold just at the surface of 
the soil. As this material is generally damp it will not readily burn, and 
the burning of the leaves and coarser rubbish above would not seriously 
affect the insects. Furthermore, it is very poor policy to destroy the 
natural protection to the soil late in the fall, leaving the ground bare 
over winter. 

A study of the life history of this insect, together with its method 
of feeding, seems to indicate that the weakest point in its life, and the one 
that can be the most easily and effectively attacked, is during the adult 
stage. This period covers that time from the first appearance of the 
adults in the spring until egg laying, which begins about the latter part 
of May. During this time the adults are feeding upon the leaves of the 
trees, and generally upon the upper surface, so that a thorough applica- 
tion of an arsenical poison should be effective. This treatment would not 
be practicable for application on large forest areas, but in those cases 
where a few locust trees are grown for ornament, or small commercial 


plantations are being cultivated for posts or poles, such applications 
might be advisable. 
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THE LOCUST TWIG BORER. 
Ecdytolopha insiticiana Zell. 
‘Order LEPIDOPTERA; Family, TorTRICIDAE. 


The injury occasioned by the larve of this Tortricid is very common, 
and is characteristic for the species. In many sections a large proportion 
of the young locust shoots are seriously injured, and may be even killed, 
‘by the galls produced by the larve in their borings. 

The adult female probably deposits her eggs between the thorns or 
in the axils of the tender side branches of the current season's growth. 
When the larve hatch they bore down into the tender tissues, and their 
activities cause, in a majority of cases, a gall-like swelling of the stem, 


* Parasites. 
+ Description and life history. 
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which sometimes kills that portion beyond it. These galls vary in length 
from one to three inches, and also considerably in diameter, depending 
somewhat on the size of the-twig. The writer observed these swellings, 
during the autumn of 1904, upon thrifty shoots measuring half an inch 
in diameter, the galls increasing this to one inch. On June 10th, 1904, 
quite a large amount of the work of these larvee was observed near 
Logan, Ohio, and in every case the sawdust was ejected from’a point in 
the axil of a small side, branch. The twigs were very tende: and watery 
and the larve about three-eights of an inch in length. 


Fic. 8. Black locust twigs showing galls caused by larvae of the Locust Twig 
Borer (Ecdytolopa insiticiana). Natural size. (Original. ) 


The larvee continue to feed in the tender twigs until they have reached 
maturity, about October Ist, at which time they leave the gall through 
an opening which has heretofore served as an cutlet, for the sawdust. 
Descending to the ground they proceed to construct silken cocoons among 
the dried leaves. Sometirnes they crawl under a. leaf and fasten one 
side of the cocoon to it, the other being covered With grains of sand, 
The adults appear about October 20th. : 

The larva when full grown is about half an inch in length, and 
reddish-brown in color; head light brown. The pupa measures about 
two-fifths of an inch in length and is yellowish-brown in color. The 
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forewings of the adult moth are a dark, ashy brown color, with a dull 
pinkish-white patch near the middle of which are several black spots; 
hindwings a little lighter than basal portion of forewings. 


y REMEDIES. 


The most effective remedy, and one that is not at all easy of accom- 
plishment, is to cut off and burn infested twigs before October 1st, thus 
destroying the larvze within the twigs. Another suggestion that has been 
offered is to burn the fallen leaves while the insect is in the pupa state. 
The latter method appeals to many more strongly than the former, be- 
cause of its ease of application, but it is open to the objection that it 
destroys the natural winter protection to the soil, and is not as sure as 
cutting and burning the infested twigs. 
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THE RED LEGGED FLEA BEETLE. 
Crepidodera rufipes Linn. 
Order CoLeoprers; Family CHRYSOMELIDAE. 


This insect was first described by Linneaus, in 1758, as one of the 
numerous Coleoptera common to both Europe and America. On the 
former continent, it is widely distributed, except in the Arctic regions. * 
In North America it is known to occur in New York, Pennsylvania, 
Maryland, Virginia and the District of Columbia, and in the National 
Museum are two specimens labeled “Texas.” 

According to Dr. Horn it extends as far west as Iowa. During the 
summer of 1904 it was noted as being very abundant in Ohio, and Mr. 
O. H. Swezey found this beetle doing serious damage to young peach 
trees in. Adams county. Early in April of that year the adults swarmed 
out and ate the unopened leaf and fruit buds of the newly set peach 
trees. The greatest damage was on the part of the orchard adjoining a 
growth of locust sprouts, the remnant of a large thicket, the most of 
which had been destroyed to make room for fruit trees. This case was 
similar to that recorded by Dr. Riley (Insect Life, 5: 338-42). 


* Description of insect. 
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According to Mr. Schwarz, the insect passes the winter in the imago 
state among the leaves and rubbish in the locust groves, as he actually 
found a few individuals in such a location. 

The writer found two adults at Leesburg, Ohio, on April 3d, 1905. 
They were in the fine leaf mold, just at the surface of the soil and 
below the coarser material, which was about two inches deep. Tn the 
case reported by Mr. Swezey, the leaves and rubbish in the locust thicket 
were burned, in a ground fire, during the latter part of March, and as 
the insects were very numerous soon after this, it would seem that they 
must pass the winter in the damp leaf mold instead of in the leaves and 
other coarser material. 

The favorite food plant is the black locust, but they have been 
reported as feeding upon several other trees, as the cherry, peach, pear, 
plum, apple, and also upon the grape vine. In the case of cultivated 
trees the chief injury consists of eating the unopened leaf buds. while 
on the black locust, in addition to this, they eat round holes in the leaves 


Fic. 9. Adult of the Red Legged Flea Beetle (Crepidodera rufipes) (from Riley 
and Howard, Insect Life, 5:341, 1893.) 


after they have expanded. Very little is known as to the food habits 
of the larva, but, judging from analogy to other closely related species 
of the same genus, it is probably a root feeder, and as the imago feeds 
upon the black locust it is supposed that the larva also has the same host. 

The adult is a pretty little beetle, about one-eighth of an inch in length 
by about half as wide; head, thorax and legs a reddish-brown, while the 
wing covers are a shining metallic blue, marked with parallel rows of 
fine punctures ; abdomen dark brown. The hind pair of legs is especially 
adapted to a jumping habit, hence its name. Upon the slightest: disturb- 
ance the insect suddenly springs into the air, but when placed upon a 
table, or other level surface, they seldom jump more than ten or twelve 
inches. 

REMEDIES. 


This insect may be destroyed by the use of arsenical poisons, when 
feeding upon the foliage, but this becomes quite difficult when it attacks 
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the unopened buds, because the beetle does not cat much of the tough 
outer bud scales. The habit is to eat a hole in the bud-covering large 
enough to admit the body, then hollow out the bud, eating the tender 
tissues back to the mature wood of the previous season's growth. 

Their habit of jumping when disturbed would suggest jarring them 
on to-a cloth coated with some sticky substance, or one saturated with 
oil, when they attack small fruit trees, but would not be advisable for 
locust trees under forest conditions. 


BIBLIOGRAPHY. 


1889, Riley and Howard, Insect Life, 1: 280. 

1892, Chittenden, Proc, Ent. Soc. Wash., 2: 266. 

1893, Riley, Ann. Rept. U. S. Dept. Agri., pp. 207-208. 

1893, Riley and Howard, Insect Life, 5: 334-342. 

1893, Hopkins, Bul. 32, W. Va. Agri. Exp. Sta., p. 201, No. 197. 
1895, Chittenden, Insect Life, '7: 384-385. 

1905, Burgess, Bul. 52, Bur. Ent. U. S. Dept. Agri., p. 53. 


THE LOCUST BUD WEEVIL. 
Apion nigrum Hbst. 
Order CoLEopTerA; Family CuRCULIONIDAE,. 


It has long been known that the adults of A. nigrum feed upon the 
black locust, eating holes in thé leaves, and it has been supposed that the 
larve, as the larve of nearly related species, “develop within the seeds 
of the tree.” (Insect Life, 5:338). Howéver, the seeds of the black 
locust are but little larger than the adult curculio, so that this could hardly 
be true, and some observations made during the summer of 1904 disprove ° 
this supposition. 

At Marietta, May 22d, 1904, the writer found the adults of A. i- 
grum working upon the unopened flower buds of the black locust trees 
near that city. On closer observation it was noted that the females were 
puncturing the buds and ovipositing in the holes thus made. On a sec- 
ond visit to this locality, on May 26th, the insects were as numerous as. 
before, and it was noted that many of the buds had ceased to develop 
and were falling to the ground, where they remained fresh for some time. 
An examination showed that nearly all of the prematurely falling buds. 
had been punctured in one or more places, and upon opening them all. 
stages of the insect were found, i. e., eggs, larve, pupe and adults. 
Usually only one stage of the insect was found in a single bud, and nor- 
mally but one larva develops in a given bud, yet there may be two or 
more. From some of these buds the adults had emerged by eating a 
round hole, generally through the base of the bud, but some ate their 
way out at about two-thirds of the distance to the tip. 
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' One ‘raceme, upon which twelve adults were’ observed féeding and 
ovipositing, was found tc contain thirty buds, twenty-five of which had 
been punctured: in sixty-three ‘separate places. The highest number of 
punctures in any one bud was seven. From thirty of these wounds a 
viscid, gummy substance was exuding. About fifty stung buds were 
collected''from thé ground arid placed in a glass jar on May 26th, and 
on June 5th twenty adult curculios, one pupa and four larve were taken 
out, and on June 11th seven more adults were removed. Specimens 
reared in this jar were identified as A. nigrum by Dr. A. D. Hopkins, 
of the United States Bureau of Entomology. 

The trees were again visited on September 18th, and although they 
had been full of bloom in May, diligent searching failed to reveal a single’ 
seed pod that had matured, so thorough had been the work of the insects. 

A female was observed ovipositing in the unopened buds of the black 
‘locust at Columbus, Ohio, May 15th, 1905, and on May 27th several 
fallen buds were collected, each of which contained a small larva of this 
insect. In each of these buds the larva had eaten through the walls of 
the ovulary, thus effectually preventing fertilization even if the bud should 
develop, which it did not do. 

At McArthur, Vinton county, the cuculios were not as plentiful as 
at Marietta, but one or two were found on nearly every black locust 
tree. On June 2d a female was observed busily engaged in drilling a 
hole in the gall-like, rolled up edge of a locust leaf, probably proauced 
by the yellow locust midge (Cecidomyia robiniae), and after a little wait- 
ing the writer was rewarded by witnessing the oviposition of an egg 
in the hole thus made. This leaf was collected and preserved, but the 
ége failed to hatch. 

Mr. O. H. Swezey reports having found the nearly full grown larve 
of this beetle in similarly rolled up leaves of the black locust at: East 
Cleveland, and further says “they were in a sort of cocoon.’ which was 
not the case with those developing in the ‘locust buds at Marietta. He 
collected a few leaves containing the larve, and “on July 6th two adult 
beetles appeared.” It is hardly probable that this was a second brood 
of this insect; because the seasonal differences between the southern and 
northern portions of the state should account for about one-half of the 
month’s time between the appearance of the adults at Marictta and East 
Cleveland. The other two weeks may easily be accounted for in the 
straggling of the brood, which is often noticed even in insects that appear 
distinctly in broods. 

This curculio occupies a position between those, the larvz of which 
feed wholly upon the leaves, and those which develop in the seeds. This 
adaptation to a bud feeding larva is peculiar in that it shows a very re- 
markable acceleration in the larval development, and one that is somewhat 
unusual. The entire development, from egg to adult, must be accom- 
plished within three weeks, and possibly in a shorter time. This may 
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mean a corresponding long life period for the adult insects, as they may 
be found at any time from early in May until the middle of September, 
and must pass the winter in this stage. An adult was found at Leesburg, 
Ohio, April 3d, 1905, in an old gall formed by the locust twig borer 
(Ecdytolopha insiticiana). It is not known if the insect had passed the 
winter there or had simply sought this place as a temporary refuge. 


Larva: The larva is a small white, footless grub, about one-fifth: inch in 
length as it lies in a curved position in the bud; head about one-third of the diam- 
eter of the body, brownish in color, with a few scattered spines or hairs; body 
thick, tapering abruptly to a blunt point at the posterior end; a few scattered hairs 
on the three thoracic segments. 


Fic. 10. The Locust Bud Weevil (Apion migruin): a, larva; b, pupa; ¢, adult; 
d, black locust bud showing opening through which the adult beetle 
emerged. (Original.) 


Pupa: White or yellowish-white, one-fourth inch long, slenderer than the 
larva, head slightly darker in color than body, and with ten spines on top and front; 
proboscis folded along under side of” body; two pairs of spines on dorsal side 
of the third thoracic segment, and two spines on posterior end of.abdomen, also 
one at the end of the femur of each leg. 


REMEDIES. 


As this curculio feeds during the larval and pupal stages entirely 
within the unopened buds, it is impossible to reach it with insecticides, 
but as the adults feed upon the foliage throughout the whole summer, 
it becomes possible to poison them at that time. Although the’ insect 1s 
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quite common throughout the state, it seldom becomes numerous enough, 
except-in restricted localities, to do serious damage. 
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THE YELLOW LOCUST MIDGE. 


Cecidomyia robimae Hald. 
Order, Diptera; Family CECIDOMYIIDAE. 


The gall-like thickenings on the edges of the black locust leaves pro- 
duced by the larve of this insect were very common in Ohio during the 
summer of 1904. Usually but one gall is produced on a single leaflet. 
but two or more may be found, and it is not unusual to find several leaflets 
of a leaf thus injured. 

The injury is caused by the female depositing her eggs near the edge 
of the leaflet, which, on account of the irritation thus set up, folds inward 
on the under side and becomes thickened and succulent, changing to a 
pale yellowish-green color. From one to three very small white maggots, 
varied more or less with orange yellow, develop within each of these 
cavities, The larvae when mature descend into the ground and transform 
to the pupa state, the adults appearing in about ten days. 

“The midge which develops from the larva is a pale orange color, 
with the sides of its thorax and often three oval stripes on the back and 
wings, dusky; antennz blackish, and of fourteen joints in the females, 
twenty-four in the males; its length 12 inch.” (Fitch & Haldeman). 

The injury produced by this insect is most evident during July and 
August, but that the insect is present much earlier in the season is at- 
tested by the writer’s finding two leaflets showing the characteristic 
thickened and rolled edges on May 15th, 1905, at Columbus. 


REMEDIES, 


No remedy can be suggested that is at all practical, except on a very 
smal! scale. Where only one or two small trees are badly damaged by 
this insect, the injured leaflets may be picked off by hand and destroyed. 
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1880, Chambers, Am. Ent., (8) n. s. 1:60. 

1890, Packard, 5th Rept. U. S. Ent. Comm., pp. 368-369. 

1891, Hopkins, Bul. 16 and Ann. Rept. W. Va. Agri. Exp. Sta., 
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THE LOCUST SKIPPER. 
Epargyreus tityrus Fabr. (Syn. Endamus.) 
Order LepipopTERA; Family HESPERIIDAE. 


This butterfly is very active, and is commonly seen around black 
Jocust trees during Mav and June. The large white eggs are deposited 
singly under a small flap cut from a leaflet and fastened by a few silk 
threads. «As the larva grows other leaflets are added until the whole 
leaf is drawn together. It remains in this shelter during the day, feed- 
ing upon the surrounding foliage at night. When full grown the larva 
is a light green worm about one and one-half inches long and about one- 
fourth inch in diameter at the middle, tapering sharply toward both ends. 
It has a large reddish-brown head, with two yellow spots on the face, 
giving it a very comical appearance. 

There are probably two broods in central Ohio, as quite a number 
of larve were seen on June 22, 1905, some of which were nearly full 
grown. One was placed in a jar on that date and pupated July 1, emerg- 
ing July 17. Many half-grown larve were seen during September. 

As these larve are foliage feeders, they should be controlled by 
spraying with arsenical poisons. On a small scale hand picking would 
be cheap and effective. 

BIBLIOGRAPHY. 


1869, Walsh and Riley, Am. Ent., 2:27, 63. 

1880, Chambers, Am. Ent., (3) n. s. 1:59-61. 
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1891, Hopkins, Bul. 16, W. Va. Agri. Exp. Sta., p. 90. 
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THE LOCUST SAW PLY. 
Pteronous trilineatus Norton. 
Order HyMENopTERA; Family TENTHERINIDAE. ° 


In some portions of the United States this saw fly does considerable 
damage, but no serious results from its attacks have been recorded 
from Ohio. 

The white, irregularly semi-ellipsoidal eggs are laid in a crescent- 
shaped slit on the under side of the leaf and generally away from the 
mid-rib. The larva hatches in a few days and immediately begins to 
feed upon the leaf from the under side, eating a hole in it. When the 

_hole becomes large enough the larva works within the opening, and con- 
tinues feeding until the leaf is destroyed. A single larva will consume 
several leaves before it reaches maturity. 

The larva when full grown measures about two-fifths of an inch in 
length, green in color, has twenty legs and a brownish head. When 
mature, it drops to the ground and spins a tough, oval, dark-brown 
cocoon. In this it remains several days before transforming to 
the pupa state. The adult emerges in about three weeks. It has a gen= 
eral dirty yellow color, with black markings on the head and segments 
of the thorax and abdomen. The wings expand a trifle over half an inch.. 

In the vicinity of Washington, D. C., there are two or possibly three 
broods in a season. In Ohio there is probably but one, although a second 
brood may appear in the southern portion. 

It is not known whether the winter is passed in the pupa or adult 
stage. In some breeding experiments, carried on by Prof. Comstock, 
part of them issued in the fall and part remained in the pupa state 
until spring. 

REMEDIES. 


As the larve of this insect are leaf feeders and very voracious eaters, 
it follows that an arsenical poison should be effective against them, but 
- here, as in all other cases where poisons are applied, to be most effective 
they must be put on while the worms are very small. 


BIBLIOGRAPHY. 


«1867, Norton, Trans. Am. Ent. Soc., 1:215. 
1879, Norton, Rept. U. S. Commr. Agri., pp. 222-224. 
1884, Forbes, 14th Rept. Ill. State Ent., p. 116. 
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* Original description. 
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1893, Hopkins, Bul. 32, W. Va. Agri. Exp. Sta., p. 214, No. 307. 

1895, Dyar, Trans. Am. Ent. Soc., pp. 301-302, 

1896, Marlatt, Bul. 3, (tech. ser.) Div. Ent. U. S. Dept. Agri. 
pp. 66-67. 


THE TWO MARKED TREE HOPPER. 
Enchenopa binotata Say. j 
Order Hemiprera; Family MEMBRACIDAE. 


This little tree hopper is very common in Ohio, and may be found at 
any time from the first week in May until the end of the season. Its 
favorite food plant is said to be the Hop tree (Ptelea trifoliata), but it 
has also been observed feeding upon the bittersweet, grape, butternut, 
white birch, red bud, black locust and on weeds. 

The adult measures, when full grown, three-tenths of an inch in 
length, including the horn, and one-fifth of an inch without it. The gen- 
eral color is a rusty-brown, with two bright pale yellow spots on the 
ridge of the back just at the base of the horn. 

The small elongate, almost cylindrical, delicate green colored eggs 
are deposited, overlapping each other, in two parallel rows of sjx to 
twelve each, in a slit made in the bark of the twig, and a thick, sticky, 
viscid, white covering of stringy albuminous matter is placed over them 
by the female. This covering of the eggs has often been mistaken for 
insects, even by eminent entomologists, as it resembles very closely the 
frothy excretions of several members of the family Cercopide. These 
masses measure about an eighth of an inch in length by one-tenth in 
width, somewhat hemispherical in form, and the strings of albuminous. 
material are arranged in ribs, those on the one side meeting and lapping 
slightly onto those from the other at the median line. These egg masses 
were observed on a black locust tree at Ontario, Ohio, September 3, 
1904, the adults being quite riumerous on the tree at that time. During 
the following winter they were also noted on the Ptelea. The young 
were first noticed at Columbus on the black locust on May 8, 1905, and 
shortly afterward in large numbers on the Ptelea. 

The nymphs are gregarious in habit, clustering together at the base 
of the tender twigs where they remain stationary for hours at a time. 
When disturbed, however, they move very briskly, but it is claimed that 
they do not acquire the power to jump until after the third molt. Those 
observed measured about one millimeter in length; dark brown color 
above, yellowish-brown below; the dorsal surface of abdomen covered: 
with white tipped spines arranged in five longitudinal rows, one occupy- 
ing the median line and two on either side. Until the third molt they 
lack the horn, which in the adult projects prominently above the head,. 
giving them an appearance which some have likened to a bird. 
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REMEDIES. 


As this insect secures its food by sucking the sap from the tender 
twigs and leaves, it follows that an arsenical poison will not injure them, 
but they are amenable to treatment with contact insecticides, among which 
the kerosene emulsion is perhaps the best. Many times, on small trees 
where only a few of the smaller branches are infested, they may be cut 
away and burned during the winter, thus destroying the eggs. 


BIBLIOGRAPHY. 


1876, Glover, Rept. U. S. Commr. Agri., pp. 28-29. 

1882, Lintner, Ist Rept. N. Y. State Ent., p, 281. 

1890, Packard, 5th Rept. U. S. Ent. Comm., p. 512. 

1892, Goding, Insect Life, 5:92. 

1893, Hopkins, Bul. 32, W. Va. Agri. Exp. Sta., p. 230, No. 432. 


The following insects have also been reported as feeding on the black 
locust. The name of each species is followed by a short note, in which 
is given the part of the tree affected and the authorities for the statements. 

It is a principle well known among economic entomologists that the 
growing of single species of trees or plants, in large blocks, often results 
in a rapid increase in numbers of its insect enemies. This is well illus- 

trated by Prof. L. Bruner (Bul. 14 and 4th Ann. Rept. Neb. Agri. Exp. 

Sta.), who reports several insects as destructive to the black locust on 
tree-claims in Nebraska. Many of these are quite common in Ohio, but 
have not been reported as feeding upon this tree. 

Observations made in black locust plantations in Ohio show that 
several insects, usually considered of little economic importance, have 
caused serious injury. — 


ORDER ORTHOPTERA. 
Family GRYLLIDAE. 


Oecanthus niveus Harr. Tue Snowy Tree Cricket. This is a very 
common insect in Ohio, and feeds almost entirely upon tender annual 
plants. The greatest injury, however, is caused by the habit of the 
female in depositing. her eggs in a row in the small twigs of trees, and 


especially in the canes of raspberry plants. This weakens the twigs and 
causes them to break down. 


1889, Bruner, Ann. Rept. Neb. State Hort. Soc., pp. 227-231. 


1890, Bruner, 4th Rept. and, Bul. 14, Neb. Agri. Exp. Sta., pp. 
119-126. 
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ORDER HEMIPTERA. 
Family CrcapIDar. 


Cicada septindecim Linn. THE SEVENTEEN YEAR Locust. This well 
known insect inflicts serious injury upon forest and fruit trees during the 
few weeks of its adult life. The injury is greater on young trees, because 
the wood is softer, and the female is able to oviposit in larger twigs than 
on old trees, and also because the future large main branches are now 
small twigs; and, while the injuries will eventually heal over, a weak, 
-dead-centered branch always results. 

The pupe issue from the ground in immense swarms during May 
and June, usually about the first of the latter month, and at once trans- 
form to the adult stage. Soon after the female deposits her eggs in the 
‘tender twigs of fruit and forest trees, and among the latter the locust 
-comes in for its share. The eggs are placed in pairs in punctures made 
for the purpose. The punctures are arranged in rows, generally along 
‘the under or outer side of the twig. 

The larvee hatch in about six weeks and drop to the ground, in which 
‘they live, sucking the sap from the roots of the trees and perhaps other 
vegetation. Nearly seventeen years are passed in the immature stages. 

Little can be done in combatting this insect, except in an indirect 
‘manner. If trees are planted in an artificial plantation, care may be taken 
‘not to set any less than four or five years previous to a “locust year.” 


1885, Lintner, 3d Rept. N. Y. State Ent., pp. 167-178. 
1886, Butler, Bul. 12, Div. Ent. U. S. Dept. Agri., pp. 24-31. 
1898, Marlatt, Bul. 14 n. s., Div, Ent. U. S. Dept. Agri., p. 148. 


Family MEMBRACIDAE. 


Cerasa bubalus Fabr. THE BuFFALo TREE Hopper. This odd look- 
ing tree hopper is a very common insect, and has a wide range of food 
‘plants. While it probably does not feed upon the black locust, it some- 
‘times inflicts serious damage, especially on young trees. The greater 
‘part of the injury is done by the adults, as the nymphs feed very largely 
upon the more succulent annual vegetation, seldom feeding at the expense 
-of trees except on the more tender sap sprouts. 

The most grievous injury to the trees is that occasioned by the 
female in her peculiar method of oviposition. The eggs are laid in slits 
‘made in the bark of small twigs, and even in the stems of the smaller 
trees. These slits are usually on the upper side of the twigs, and the 
‘south side seems to be preferred to the north. The openings are about 
+hree-sixteenths of an inch long, curved or crescent shaped, with the con- 
.cave sides in, and about an eighth of an inch apart. 
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_The eggs, from six to twelve in each slit, are placed side by side im 
the cambium layer or in the inner bark, and the strip or core between the 
openings is severed from the sap wood, so that it dies. This is probably 
done in order to prevent the crushing of the eggs that would naturally 
follow a continuation of the growth of the whole twig. _ Each female pro- 
duces from one hundred to two hundred eggs, but the period of oviposi-. 
tion is quite prolonged, beginning about the middle of August and con- 
. tinuing until frost. kills the adult. In the Province of Quebec some 
females were observed depositing eggs as late as the end of October. 
The eggs remain dormant in the twigs over winter, hatching in May or 
June of the following season. Soon after hatching the young nymphs. 
migrate to the more tender annual vegetation, where they live by sucking: 
the juice from the stems. 

Two parasites have been reported, both preying upon the eggs: 
Trichogramma cerasarum Ashm., and a small dipterous egg parasite- 
reared by Mr. J. G. Jack. 


REMEDIES. 


The fact that this insect secures its food by sucking bars the use of 
poisons, and contact insecticides are equally unavailing against the adults. 
on account of their habit of jumping when disturbed. These latter solu- 
tions may, however, be used successfuly against the nymphs. The best 
remedy for nursery and orchard conditions is clean culture, keeping down 
all annual plants upon which the nymphs feed, thus starving them to 
death. Of course this remedy would not apply to natural forests or 
forest plantations where no cultivation is practiced; but in these cases 
the weeds and grass may be sprayed about July 1 if it appears necessary, 
at which time the larve are most numerous, with kerosene emulsion or 
some other contact insecticide. 


1876, Glover, Rept. U. S. Commr. Agri., p. 29. 
1892, Goding, Insect Life, 5:92. 
* 1894, Marlatt, Insect Life, '7:8-14. 


Acutalis calva Say. Feeding on sap of black locust. 
1904, Reported by Prof. H. Osborn. 


Ophiderma salamandra Fairm. “Feeding sap from tender twigs.’”” 
1903, Hopkins, Bul. 32, W. Va. Agri. Exp. Sta., p. 281, No. 433. 


Thelia bimaculata Fabr. Sucking sap from tender twigs. Quite 
common on black locust trees near Columbus, Ohio. —_ 
1869, Walsh and Riley, Am. Ent., 2:27. 
1892, Goding, Insect Life, 5:93. 
1893, Lintner, 9th Rept. N. Y. State’ Ent., 9:392. 


* Description and life history. 
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‘Theha acuminata Fabr. Sap feeder. ie 
1892, Goding, Insect Life, 5:93. 


Vandusea arquata Say. Feeding on sap of black locust. , 
1904, Reported by Prof, H. Osborn. 


Family Coccrpar. 


dspidiotus perniciosus Comst. THE San Jose Scat. This scale 
insect, although of quite recent introduction, has a wide range of food 
plants, feeding upon a large number of woody plants, among which is the 
black locust. While the writer has observed this pest on locust trees and 
‘sprouts at several points in the state, no instance is known where it had 
done serious injury to this host. This tree seems to be one of the many 
species upon which the San Jose scale is able to live and.even to repro- 
duce itself, and yet never become numerous enough to inflict serious dam- 
age. It is only on those locust trees and sprouts which are growing near 
badly infested fruit trees that this scale is likely to be found. It is more 
commonly found on the locusts along ravines and on vacant lots in cities, 
‘or in artificial plantations. 


NATURAL ENEMIES. 


This pest is believed to be a native of northern China, and as it is 
not serious in that country an effort was made to find its natural enemies. 
‘The explorations of Mr. C. L. Marlatt, of the United States Bureau of 
Entomology, resulted in the finding of a lady beetle (Chilocorus similis) 
which feeds upon the San Jose scale. This beetle was imported into the 
United States, but has not proven a success. A colony was established 
in Ohio by this Division, but became extinct within a year. , 

Two of our common lady beetles feed quite freely upon this scale 
insect, both in their adult and larval states: Pentilia misella and Chilo- 
corus bivulnerus. Collops quadrimaculatus has been observed feeding 
upon the same host, as has also Scymnus lophanthae. Two chalcids have 
been reared from this host: Aphelinus fuscepennis How. and A, mytila- 
spidis (Le B.). Valuable as is the work of these natural enemies. none . 
of them are present in sufficient numbers to be of any importance in the 
control of this pest. Their efforts must in all cases be supplemented by 
‘direct measures. 

A large number of. contact insecticides have been tried upon this 
insect, of which the lime and sulfur wash has given the best satisfaction 
under orchard and park conditions. With small trees, as in nursery 
stock that may be dug and packed into small pace, the fumigation method 


is the best. 
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* 1880, Comstock, Rept. U. S. Commr. Agri., pp. 304-305. 
1897, Lowe, 16th Ann. Rept. N. Y. Agri. Exp. Sta., P. 452-458. 
1901, Records of Div. N. & O. Insp. Ohio Dept. Agri. 


Aspidiotus forbesi Johnson. Forges Scate. “Occurs on peach, plum, 
apple, pear, Robiniae pseudacacia and climbing Jasmine.” 
1902, Scott, Bul. 26, n. s. Div. Ent. U. S. Dept. Agri., p. 49-50. 


Aspidiotus rapax Comst. THE GREEDY SCALE. Sucking the sap from 
the trunk and larger branches of the black locust and a large number 
of other trees. 

* 1880, Comstock, Rept. U. S. Commr. Agri., pp. 307-308. 

1890, Packard, 5th Rept. U. S. Ent. Comm., pp. 371-372. 


Aspidiotus juglans-regiae Comst. THE ENGLISH WALNUT SCALE.. 
Infests the twigs of black locust. 
* 1880, Comstock, Rept. U. S. Commr. Agri., pp. 300-301. 
1899, Smith, 27th Ann. Rept. N. J. State Bd. Agri., p. 118. 
1905, Collected by writer on black locust twigs on Ohio State Uni- 
versity campus. 


Chionaspis gleditsie Sanders. 
1905, Collected by writer on black locust twigs on Ohio State Uni-- 
versity campus. 


Pulvinaria innumerabilis Rathv. Tue Corrony Marie ScaLe. 
While the favorite food plant of this common scale insect is the silver 
maple (Acer saccharinum), it is found upon a large number of species of 
trees, among which is the black locust. On this latter tree it- seldom 
assumes a serious aspect, as the individuals are so few in number and are- 
quite often parasitized. 

Until nearly full grown they resemble very closely the Lecaniums, 
but when the female reaches maturity and begins to lay eggs, from May 
until July, one end of the scale is raised by the mass of waxy, filamentous. 
material in which the eggs are deposited. Not only is the scale raised, but 
this material is pushed out, forming a white, fluffy mass, about twice the 
size of the scale itself. According to different authorities, each female 
lays from three hundred to one thousand eggs, after which she dies; but 
the scale remains upon the twig sometimes for a year, fastened there by 
the mass of fibrous material. 

This scale insect enjoys the distinction of serving as the host for a 
lepidopterous parasite: Laetilia coccidivora Comst. The adult moth 
deposits its eggs in the cottony masses where her larve develop. After 


* Original description. 
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the contents of one egg mass is devoured, the larva moves to another 
and, if the twigs are badly infested, it constructs a silken fanad 
from one mass to another, often destroying several egg masses before 
reaching maturity. Four lady beetles have been observed feeding upon 
this species, the twice stabbed lady beetle (Chilocorus bivulnerus), Hyper- 
aspis signata Oliv., H. bigeminata Rand. and the imported species Rhizo- 
bins veutralis. 

The following chalcid flies have been reared from the cottony maple 
scale: Coccophagus lecanii Fitch, C. flavoscutellum Ashm., Euntons 
lividus Ashm., -lphycus pulvinarie How and Comys fusca How. 

A dipterous parasite,.Leucopis nigricornis Egger., was reared from 
the cottony maple scale by Mr. J. G. Sanders. These natural enemies 
generally serve to hold the pest in check to such an extent that it does not 
do serious damage, except in extremely favorable seasons. 


1882, Osborn, Trans. Iowa State Hort. Soc., 17: 209-211. 

1884, Riley, Ann. Rept. U. S. Commr. Agri., pp. 350-355. 

1889, Lintner, 6th Rept. N. Y. State Ent., @:141-147. 

1890, Packard, 5th Rept. U. S. Ent. Comm., pp. 412-416. 

1890, Riley and Howard, Insect Life, 3:125. 

1893, Hopkins, Bul. 82, W. Va., Agri. Exp. Sta., p. 229, No. 413 b. 
* 1900, Howard, Bul. 22, (n. s.) Div. Ent. U. S. Dept. Agri., pp. 8-16. 

1905, Sanders, Cir. 64, Bur. Ent. U. S. Dept. Agri., pp. 6. 


Icerya purchasi Mask. THe Cortony CUSHION SCALE. Feeds upon 
the sap of various trees and shrubs. At one time threatened to destroy 
the fruit industry of California; now successfully controlled by the Aus- 
tralian lady beetle (Vedalia cardinalis. ) 

**1886, Riley, Ann. Rept. U. S. Commr. Agri.. pp. 466-492. 
41888, Riley, Insect Life, 1: 126-137. 
1901, Gossard, Bul. 56, Fla. Agri. Exp. Sta., pp. 311-356. 


Pseudococcus aceris Geof. “On black locust and soft maple.” 
1893, Hopkins, Bul. 82, W. Va. Agri. Exp. Sta., p. 229, No. 413 a. 


Lecaneum hesperidum Linn. THe Sort Brown ScaLe. On black 


locust twigs. 
1892, Coquillett, Bul. 26, Div. Ent. U.S. Dept. Agri., pp. 26-27. 


Eulecaneum robiniae Towns. “On Robiniae pseudacacia.” 
1903, Fernald, Bul. 88, Mass. Hatch Agri. Exp. Sta., p. 196, No. 963. 


* Life History and parasites. 
** Description, life history and food plants. 
+ Enemies. 
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Eulecaneum robiniarum Dougl. “On Robiniae pseudacacta.” 
1903, Fernald, Bul. 88, Mass. Hatch Agri. Exp. Sta., p. 196, No. 964. 


Eulecaneum vini Bouche. “On Robiniae pseudacacia.” ; 
1903, Fernald, Bul, 88, Mass. Hatch Agri. Exp. Sta., p. 196, No. 974. 


ORDER LEPIDOPTERA. 
Family PsycHIDAE. 


Thridopteryx ephemerafornis Haw. THE Bac Worm. Feeds upon 
the foliage of a large number of trees, among which is the black locust. 
It has been reported as feeding upon this tree in Kentucky and Virginia, 
and infested black locusts were observed during the summer of 1905 at 
Cincinnati and Columbus, Ohio. 


* 1868, Riley, Ist Rept. on Insects of Mo., pp. 147-151. 
1869, Riley, Am. Ent., 2:35-38. 
1882, Lintner, 1st Rept. Insects, N. Y., pp. 81-87. 
1883, Saunders, Insects Injurious to Fruit Trees, pp. 222-225. 
1887, Beutenmuller, Ent. Am., 3:157-159. 
1898, Webster, Bul. 51, Ohio Agri. Exp. Sta., pp. 102-109. 
1894, Lintner, Rept. N. Y. State Ent., 10 :494. 
1900, Johnson, Bul. 26, (n. s.) Div. Ent. U. S. Dept. Agri., pp. 80-84. 


Thridopteryx sp. A species of bag worm was reported defoliating 
the black locusts in Arizona by Mr. J. W. Toumey, and was thought by 
him to be a different species from T. ephemeraformis which is so common 
in the east. . 

1893, Toumey, Bul. 9, Ariz. Agri. Exp. Sta:, p. 7. 


Family CossmDAE. 


Zeugera pyrina Linn. THe Woop Lroparp Motu. A large Euro- 
ean moth which has been introduced into the vicinity of New York City. 
The larva makes a large burrow in the main branches of quite a number 
of forest trees, and has caused a large amount of damage to shade trees 
in Central Park. It belongs in the same family with the locust Carpenter 
Moth, and, like that species, preys upon the black locust. No satisfac- 
tory remedy is known. 

1894, Smith, 15 Ann. Rept. N. J. Agri. Exp, Sta., pp. 519-533. 

1894, Southwick, Insect Life 7:138-140. 


* Description of insect. 
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Family GRAPHOLITHIDAE. 


Tortrix sulfureana Clem. THE SuLFuR Lear Rowier. The. larvae 
draws two or more leaflets together to form a tube, in which it lives, andi 
from which it issues to eat the surrounding foliage. Very common om 
black locust trees in Ohio. ee 

1880, Comstock, Rept. U. S. Commr. Agri., p. 255. 

1890, Packard, 5th Rept. U. S. Ent. Comm., p. 362: 


Tortrix rosaceana Harr. A leaf feeder. 
1890, Packard, 5th Rept. U. S. Ent. Comm., p. 278. (From Riley’s. 
unpublished notes. ) 


Family Tinerrae. 


Gracillaria lepedezaefoliella Clem. Larva mining the leaves of the 
black locust, making a pale yellow blotch mine on the upper surface. The 
mine is placed over the mid rib, and lateral galleries extend out on either 
side. The flattened pale green larva pupates in the mine, and later falls 
to the ground, where it finally emerges as a golden brown moth the fol- 
lowing June. These mines were very numerous on black locust leaves 
near Perry, Ohio, during August and September, 1905. On many leaves. 
every leaflet bore from one to five mines. No satisfactory remedy can be 
"suggested for this insect. ; 

1880, Chambers, Am. Ent., (3) n. s., 1:59-61. 
1898, Garman, Bul. 47, Ky. Agri. Exp. Sta., p. 117. 
1897, Garman, 12th Bien. Rept. Ky. Bur. Agri., pp. 216-220. 


Lithocolletis robiniella Clem. Ture AutuMNAL LEAF MINER. Min- 
ing the under side of the leaves late in September and early in October. 
Quite common in Ohio. 

1880, Chambers, Am. Ent., (3) n. s. 1:59-61. 

1890, Packard, 5th Rept. U. S. Ent. Comm., pp. 363-364. 

1893, Hopkins, Bul. 22, W. Va. Agri. Exp. Sta., p. 238; No, 482. 

1893, Garman, Bul. 47, Ky. Agri. Exp. Sta., p. 118. 

1897, Garman, 12th Bien. Rept. Ky. Bur. Agri., pp. 216-220. 

1899, Pettit, Bul. 175, Mich. Agri. Exp. Sta., p. 355. 


Lithocolletis ostensackenella Fitch. A leaf mining larva producing 
yellow blotch mines on the upper side of the leaflets. 


1893, Garman, Bul. 47, Ky. Agri. Exp. Sta., P. 118. 
1897, Garman, 12th Bien. Rept. Ky. Bur. Agri., p. 218. 


Family GELECHIIDAE. 


Gelechia pseudacaciella Chamb. THE GREATER Locust LEAF GEL- 
ECHIA. Feeding upon black locust leaves, spinning a slight web between 
two leaflets. 
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1879, Comstock, Ann. Rept. U. S. Commr. Agri., pp. 252-253. 
1880, Chambers, Am. Ent., (3) n. s. 1:59-61. 

1890, Packard, 5th Rept. U. S. Ent. Comm., p. 365. 

1890, Packard, Insect Life, 3:58. 

1898, Garman, Bul. 47, Ky. Agri. Exp. Sta., p. 119. 

1897, Garman, 12th Bien. Rept. Ky. Bur. Agri., p. 219. 


Recurvaria robiniella Fitch. Tue Lesser Locust Lear GELECHIA. 
‘The larva spins two black locust leaflets together and feeds between them, 
leaving the outer surfaces and larger ribs untouched. 

1879, Comstock, Ann. Rept. U.S. Commr. Agri., pp. 224-225. 

1890, Packard, 5th Rept. U. S. Ent. Comm., p. 363. 


Family OECOPHORIDAE. 


Depressaria robimella Pack. Ture Locust DEPRESSARIA. Larva 
feeding on the flower buds and leaves, drawing the latter together with 
fine threads. Common in Ohio. 


1880, Chambers, Am. Ent., (3) n. s. 1: 59-61. 
1890, Packard, 5th Rept. U. S. Ent. Comm., p. 364. 
1893, Hopkins, Bul. 82, W. Va. Agri. Exp. Sta., p. 237, No. 480. 


Family ELACHISTIDAE. 


Chrysopeleia purpuriella Chamb. (Syn. Aeaea.) Feeding upon the 
leaves. 


1880, Chambers, Am. Ent. (3) n. s. 1:59-61. 


Family NoToDONTIDAE. 


Dasylophia anguina A. & S. “Larva feeds upon the leaves.” 
1890, Packard, 5th Rept. U. S. Ent. Comm., p. 366. 


Schizura concinna A. & S. (Syn. Oedamasia.) Tue Rep HumPep 
APPLE Worm. Larva feeds upon the foliage of quite a number of trees, 
‘among which is the black locust. Its favorite food plant is the apple. 

1868, Walsh and Riley, Am. Ent., 1:38, 59. 

1890, Packard, 5th Rept. U. S. Ent. Comm., p. 373. 


Family, ENNoMIDAE. 
Lycia cognitaria Gn. (Syn. Amphidasys). Larva foliage feeder. 
1885, Lintner, 2d Rept. N. Y. State Ent., 2: 98-101. 

Family Noctuipae. 


Cotocala vidua A. & S. Larva feeds upon foliage. 
1890, Packard, 5th Rept. U. S. Ent. Comm., p. 373. 
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Papaipema mtelia Gn. (Syn. Gortyna.) Tue Porato Stax Borer. 
el boring in twigs of black locust, peach and several herbaceous 
plants. 


1893, Hopkins, Bul. 32, W Va. Agri. Exp. Sta., p. 236, No. 475. 


Acronycta americana Harr. (Syn. Apatela), THE AMERICAN Dac- 
GER MotH. The larva of this moth feeds upon the black locust and 
several forest trees, of which the maple is its favorite. 
“6 1890, Bruner, Ann. Rept. and Bul. 14, Neb. Agri. Exp. Sta., pp. 
-65. 


Halisidota tesselata A. & S. Tue Ticer Motu. Larva feeds upon 
leaves of several forest trees, among which is the black locust. 
1888, Beutenmuller, Ent. Am., 4: 76. 
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Family Lrmacoprpae, 


Sabine stimulae Clem. (Syn. Emperetia). Tue Sappte Back Cat- 
EPILLAR. The larva of this moth is easily recognized by a large green 
patch on its back, on which is a purplish-brown oval spot, from which it 
derives its name. It is a general feeder, eating the leaves of a large 
number of trees and vines, but seems to prefer the Virginia Creeper. 

1893, Hopkins, Bul. 32, W. Va. Agri. Exp. Sta., p. 234. No. 460. 


Family LrpariDae. 


Hemerccampa leucostigma S.& A. (Syn. Notolopus). THe WHITE 
Marxkep Tussock MotH. The moths of this species emerge in the fall. 
The female is wingless and lays her eggs upon the cocoon from which 
she just issued, covering them with a white frothy mass. The cocoons 
are placed against a tree trunk or on a twig, and in the latter case are 
usually partly enclosed by a leaf. The eggs hatch in the spring and the 
larve feed singly. They are very prettily marked, and are the most beau- 
tiful of our caterpillars. The body is clothed with white hairs; the head 
and two glands near middle of back are bright vermillion red. A broad, 
velvety black strip extends along the back, with yellow stripe on either 
side ; just below the spiracles is a second yellow stripe. A dense brush-like 
tuft of cream colored hairs is borne on each of the first four abdominal 
segments. The prothorax bears two plume-like pencils of black hairs, 
and a similar one projects backward from the eighth abdominal segment. 

Both the larve and pupe are quite extensively parasitized, but direct * 
measures are necessary to control this insect. The larve, being voracious 
foliage feeders, may be poisoned with an arsenical spray. The cocoons 
which remain on the trees.over winter may be gathered, but should not 
‘be destroyed, because of the parasites they are likely to contain. They 
should be placed in a box away from vegetation, so that any newly 
hatched larve will starve, and yet allow the parasites to escape. On 
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account of their rapid rate of increase, and the wide range of food plants, 
their control is hecoming a serious problem in our city parks and streets. 
i . 7 1 S & f ee ~ \ a 1 


1885, Lintner, Rept. N. Y. State Ent., 2: 68-89. 
1890, Packard, 5th Rept. U. S. Ent. Comm., p. 373. 

1898, Hopkins, Bul. 32, W. Va. Agri. Exp. Sta., p. 234. No. 459. 

- 1895,‘ Howard, Yearbook U. S. Dept. Agri., pp. 368-375. 

*1897, Howard, Bul. 5, (Tech. ser.) Div. Ent. U. S. Dept. Agri., 

pp. 5, 57. 

*1897, Howard, Bul. 9, (n. s.) Div. Ent. U. S. Dept. Agri., pp. 15-17. 
1898, Felt, Ext. Rept. N. Y. Fish, Game & Forest Comm., pp. 8-17. 
1899, Howard, Farmers’ Bul. 99, U. S. Dept. Agri., pp. 12-20. 


Family SATURNIIDAE. 


Samia cecropia Linn. THE Cecropia Motu. The Cecropia is the 
‘largest of our Giant Silk worms, the adults often measuring six and one- 
half inches across the expanded wings. The full grown larva measures 
from three to four inches in length and about three-fourths of an inch 
in diameter, and is a dull bluish-green.in color. It is a voracious feeder, 
and because of its large size does.not require a very long time to entirely 
strip a small tree. The favorite food plant is the apple tree, and consid- 
erable injury was caused to stock in Ohio nurseries during 1905. Prof. 
Bruner reports it as a pest on black locust trees in forest plantations in 
Nebraska. It is best destroyed by hand-picking the worms during the 
summer, or gathering and destroying the cocoons which remain on the 
trees over winter. 

+1890, Bruner, Bul. 14 and 4th Rept. Neb. Agri. Exp. Sta., pp 9-20. 


Antherea polyphemus Linn. (Syn. Telea). THr AMERICAN SILK 
Worm. This is another of the Giant Silk Worms, but not quite as large 
as the Cecropia. The larva measures about three inches in length when 
full grown, is light green in color, with an oblique yellow line on each 
side of each abdominal segment, except the first and last. The back is 
ornamented with small, orange colored tubercles. The cocoon is shorter 
and rounder than that of the Cecropia, and is usually enclosed in’a leaf. 
The same methods of control may be used in this as in the preceding 
species. 

1890, Bruner, Bul. 14 and 4th Rept. Neb. Agri. Exp. Sta., pp. 20-24. 


Porthetria dispar Linn. (Syn. Ocneria). Tue Gypsy. Motu. This 
is an introduced species which has established itself in eastern Massa- 
chusetts, southern New Hampshire and Rhode Island, and is slowly but 


* Parasites. eal 
t Description, life history and food plants. 
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surely spreading. . ‘The female, although winged, is so’ heavy ‘that she 
cannot fly ; hence its spread is very slow. The state ‘of Massachusetts has 
spent an immense amount of money in trying to control this pest. The 
insect has not reached this state, but its introduction seems only a ques- 
tion of time, and its wide list of food plants and voracious appetite would 
make it a serious enemy of our fruit and forest trees. ae 


1892, Fernald, Bul. 19, Mass. Agri. Exp, Sta., pp. 109-143. 

1896, Fernald and Forbush, Rept. Mass. Gypsy Moth Comm., p. 319. 

1905, Kirkland, Bul. 1 of Supt. for Suppressing the Gypsy and 
Brown-tail Moths. : 


Family ARCTIIDAE. 


Espantheria deflorata Fabr. Larva feeds on leaves. 
1896, Lintner, Rept. N. Y. State Ent., 12: 189. 


Hypantria cunea Hub. THe Fatt Wes Worm. This insect passes 
the winter in the pupa stage, the snow white moth emerging in May 
or June, and soon after the eggs are deposited in a cluster on a leaf. The 
larvae are gregarious, feeding in colonies within a large, ugly web which 
they construct over all the foliage on which they feed. These webs were 
especially numerous in eastern Ohio during the fall of 1905, many trees 
having from forty to fifty each. The larve feed upon the foliage of a 
large number of fruit and forest trees, among which is the black locust, 
but preference is generally shown for the wild cherry (Prunus serotina). 
In the above mentioned region the black walnut suffered the most, with 
the wild cherry a close second. Cutting and burning the webs is the 
best remedy. : 


1886, Riley, Rept. U. S. Commr. Agri., pp. 518-539. 
1890, Kent, Insect Life, 3: 3838. 

1292, Webster, Bul. 45, Ohio Agri. Exp. Sta., pp. 162-166. 
1293, Garman, Bul. 47, Ky. Agri. Exp. Sta.. pp. 104-106. 
1895, Howard, Yearbook U. S. Dept. Agri., pp. 375-384. 


Family LasrocAMPHIDAE. 


Melacosoma disstria Hubn. (Syn. Clisiocampa). THE Forest TENT 
CatariLtar. Larvae very general feeders, eating the foliage from a large 
number of species of deciduous trees, including the black locust. They 
are gregarious, assembling in colonies on the trunks or large branches of 
the trees. An arsenical poison should be effective against them. 


1881, Stretch, Papilio, 1:67. 
1890, Packard, 5th Rept. U. S. Ent. Comm., p. 373. 
*1891, Riley and Howard, Insect Life, 2 : 58-59. 


* Food plants. 


42 


1898, Felt, Bul. 23, N. Y. State Mus. Nat. Hist., 23: 191- 201. 
1898, Weed, Bul. 17, (n. s.) Div. Ent. U. S. Dept. Agri, pp. 76-78. 
71899, Lowe, Bul. 159, N. Y. State Agri. Exp. Sta., pp. 35-56. 

1899, Weed, Buk. 64, N. H. Agri. Exp. Sta., pp. 77- 98. 


Automeris io Fabr. (Syn. Hypercheria). THe Io Motu. The large 
green larva of this moth is a somewhat omniverous feeder, devouring 
the leaves of a large number of forest trees and shrubs. 


1869, Walsh and Riley, Am. Ent., 2:31. 

1872, Lintner, Ent. Contributions No. 2, pp. 146-149. 

1874, Reed, Can. Ent., 6: 227-229, 

1874, Reed, Ann. Rept. Ent. Soc. Ont., pp. 11-13. 

1890, Packard, 5th Rept. U. S. Ent. Comm., pp. 373, 394-395. 


Family AEGERIDAE. 


Memythurs robiniae Hy. Edwards. (Syn. Sciapteron.) Larva 
bores in the trunk of black locust trees, also the downy poplar in Cali- 
fornia. 

1889, Riley and Howard, Insect Life, 2:18. 

1890, Packard, 5th Rept. U. S. Ent. Comm., p. 360. 


Family BomMByCcIDAE. 


Euproctis chrysorrhoae Linn. THE Brown Tait Motu. A Euro- 
pean pest accidentally introduced into Massachusetts about 1890, from 
which it has spread northeastward into southern New Hampshire, and 
local outbreaks have been reported from Maine and New Brunswick. 
The adults emerge during the early part of July, and soon after the 
female deposits her eggs in a mass from two hundred to four hundred, 
on the under side of the leaves on the outside of the trees, usually near 
the top. The larve hatch in from fifteen to twenty days and feed until 
cold weather, when they retire to a closely spun winter web. They begin 
feeding again with the return of spring, eating the opening buds. After 
the last larval molt the body is covered with minute, easily detached, 
barbed hairs, which cause an intense burning sensation wherever they 
come in contact with the human skin. Cutting and burning the webs, 
and spraying with arsenical poisons, are the most effective measures of 
control. 

1903, Fernald and Kirkland, Rept. on Life, History and Habits of 
the Imported Brown-tail Moth, pp. 78. 


+ Description, life history and food plants. 
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Family Pyravipar, 


Salebria contatella Grote. (Syn. Pempelia). Tur Locust Lear 
ROLLER. The larva draws the leaflets together to form a shelter for pro- 
tection when not feeding upon the foliage. 


1880, Comstock, Ann. Rept. U. S. Commr. Agri., p. 261. 
1890, Packard, 5th Rept. U. S. Ent. Comm., p 361, 


Family PHALAENIDAE. 


Ectropis crepuscularia Tr. (Syn. Cymatophora). Larva feeds upom 
foliage. 
1890, Packard, 5th Rept. U. S. Ent. Comm., p. 371. 


ORDER DIPTERA. 


Family CECIDOMYIIDAE, 


Dasyneura pseudacacia Fitch. Larvz forming galls upon leaves. 
1880, Chambers, Am. Ent., (8) n. s. 1:59-61. 
1890, Packard, 5th Rept. U. S. Ent. Comm., p. 368. 


ORDER COLEOPTERA. 
Family CoryLoPHIDAr. 
Sacium lunatum Lec. Reared from black locust twigs. 
1890, Schwarz, Proc. Ent. Soc. Wash., 2: 73. 
Family CucujJIDAe. 
Ino reclusa Lec. Reared form black locust twigs. 


1890, Schwarz, Proc. Ent. Soc. Wash., 2: 74. 


Lathropus vernalis Lec. Reared from black locust twigs. 
1890, Schwarz, Proc. Ent. Soc. Wash., 2: 74. 


Laemophloeus adustus Lec. Reared from black locust twigs. 
1890, Schwarz, Proc. Ent. Soc. Wash., 2: 73. 


Laemophloeus modestus Say., Reared from black locust twigs. 
1890, Schwarz, Proc. Ent. Soc. Wash., 2: 74. 


Family HISTERIDAE. 


Hololepta fossularis Say. “Under bark of dead and dying poplar, 


hickory and locust trees.”’ 
1893, Hopkins, Bul. 32, W. Va. Agri. Exp. Sta., p. 117, No. 36. 
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Family NITIDULIDAE. 


Amphicrossus ciliatus Oliv. Reared from black locust’ twigs. 
1890, Schwarz, Proc. Ent. Soc. Wash., 2: 74. 


Cryptarcha ampla Er. ‘Bound with Cyllene robiniae larvee under 


‘bark of living yellow locust tree.” : 
1893, Hopkins, Bul. 32, W. Va. Agri. Exp. Sta, p. 179. No, 47, 


Ips fasciatus Oliv. “Found with Cyllene robiniae larve under bark 
-of living yellow locust tree.” (Hopkins). 

1870, Riley, Am. Ent. and Bot., 2: 308. Pe 

1893, Hopkins, Bul. 32, W. Va. Agri. Exp. Sta., p 179, No. 48. 


Soronia undulata Say. Reared from black locust twigs. 
1890, Schwarz, Proc. Ent. Soc. Wash., 2: 74. 


Family TROGOSITIDAE. 


Tenebrioidae corticalis Melsh. (Syn. Trogosita.) Reared from 


‘black locust twigs. 
1890, Schwarz, Proc. Ent. Soc. Wash., 2: 74. 


Family BUPRESTIDAE. 


Agrilus egenus Gory. Larvae boring under bark; adults feeding 
“upon the leaves. This beetle is quite common on black locust leaves in 
-early summer. 

1868, Glover, Rept. U.S. Commr. Agri., p. 92. 

1870, Glover, Rept. U. S. Commr. Agri., p. 67 

1889, Chittenden, Ent. Am., 5: 219. 

1890, Packard, 5th Rept. U S. Ent. Comm., p. 372. 

1893, Hopkins, Bul. 32, W. Va. Agri. Exp. Sta., p. 184, Nos. 86, 
“367, 371. 

1900, Chittenden, Bul. 22, (n. s.) Div. Ent. U. S. Dept. Agri., p. 67. 


Agrilus otiosus Say. “Adult feeding upon newly opened foliage.” 
1890, Packard, 5th Rept. U. S. Ent. Comm., p. 367. 


Agrilus impexus Horn. “Occurs on the two locusts (Gleditsia tri- ° 
-acanthos and Robiniae pseudacacia), July and August.” 
1900, Chittenden, Bul. 22, (n.s.) Div. Ent. U. S. Dept. Agri. p. 68. 


Family PTiInipAg. 


Lyctus striatus Melsh. THe Powper Post BEETLe. Infests the dry 
:seasoned wood of several hardwood trees, including the black locust. 
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These insects are able to live for several generations in thoroughly seas- 
oned wood and tunnel it in all directions ; hence doa great deal of damage,. 

1893, Hopkins, Bul. 32, W. Va. Agri. Exp. Sta., p. 189, No. 116; 
also Nos. 368 and 375. 

1896, Webster, Bul. 68, Ohio Agri. Exp. Sta., pp. 47-48. 

1898, Hopkins, Proc. 19th Ann. Meet. Soc. Prom. Agri. Sci., pp.. 
103-108. : 

Petalium bistriatum Say. Reared from black locust twigs. 

1890, Schwarz, Proc. Ent. Soc. Wash., 2: 74. 


Synoxylon dinoderoides Horn. Reared from black locust twigs. 
1890, Schwarz, Proc. Ent. Soc. Wash., 2:73. 


Family ScaRABAEIDAE,. 


Macrodactylus subspinosus Fabr. THE Rose Cuarer. The larve 
of this beetle feed upon the roots of plants, emerging during June or 
July. They are very difficult to control, as all of the adults do not appear 
at the same time, making it necessary to apply treatment at frequent 
intervals. Their favorite food plant is the rose, but they sometimes eat 
the blossoms of the grape, destroying the whole crop. The beetles are 
fond of all sorts of cultivated fruits, and also feed upon the foliage of a. 
large number of trees, among which is the black locust. 

1869, Walsh and Riley, Am. Ent., 1:160, 251. 

1870, Riley, Am. Ent. and Bot., 2:341. 

1893, Hopkins, Bul. 32, W. Va. Agri. Exp. Sta., p. 191, No. 124. 


Euphoria inda Linn. (Syn. Cetonia.) THE -_BuMBLE FLOWER 
BEETLE. Adults appear in early spring. Feed upon the sap from black 
locust and other trees, also upon fruit and vegetables. Quite common. 

1862, Harris, Insects Injurious to Vegetation (3d Ed.), pp. 40-41. 

1868, Glover, Rept. U. S. Commr. Agri., p. 90. 


Lacnosterna sp. Tue Common Wurre Grus. The larvae caused 
considerable injury to black locust seedling in the nursery row near Troy, 
Ohio, during 1905, the grubs cutting the tap root about one inch below 
the surface of the ground. 

1905, Records Div. N. and O. Insp.; Ohio Dept. Agri. 


Family CERAMBYCIDAE. 
Ecyrus dasycerus Say. Reared from. black locust twigs. 
1890, Schwarz, Proc, Ent. Soc. ‘Wash., 2:74. 


Crytinus pygmaeus Hald. Reared from black locust twigs. 
1890, Schwarz, Proc. Ent. Soc. Wash., 2:73. 
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Leptostylus sexguttata Say. Reared from black locust twigs. 
1890, Schwarz,. Proc. Ent. Soc. Wash., 2:74. 


Liopus alpha Say. “Infests yellow locust twigs on dead trees.” 
1898, Hopkins, Bul. 32, W. Va. Agri. Exp, Sta., p. 196, No. 160. 


Liopus cinereus Lec. Reared from twigs of black locust. 
1890, Packard, 5th Rept. U. S. Ent. Comm., p. 373. 


Liopus facicularis Horn. Reared from black locust twigs. 
1890, Schwarz, Proc. Ent. Soc. Wash., 2:74. 


Neoclytus erythrocephalus Fabr. Larve infest several species of 
trees, including the black locust. 

1880, Riley, Am. Ent., (3) n. s. 1:182. 

1890, Packard, 5th Rept. U. S. Ent. Comm., p. 373. 

1893, Hopkins, Bul. 32, W. Va. Agri: Exp. Sta., p. 195, No. 149. 

1896, Lintner, Rept. N. Y. State Ent., 12: 146. 

1898, Felt, 50th Rept. N. Y. State’ Mus. Nat. Hist., p. 264. 


Elaphidion villosum Fabr. Tue Oax Pruner. The larva infests 
the twigs of several species of trees, including the black locust, but prefer 
the oak and apple. They construct their tunnels in the center of the twig, 
working toward the body of the tree. At maturity they nearly sever the 
twig from the inside, then retire up their burrows, plugging the opening 
with chips. These twigs are easily broken off by the wind, falling to the 
ground, where the adults emerge the following spring. The only known 
remedy is to gather and burn the fallen twigs with the pupz in them. 

1898, Chittenden, Bul. 18, (n. s.) Div. Ent. U. S. Dept. Agri, 
pp. 35-40. 

1904, Herrick, Bul. 86, Miss..Agri. Exp. Sta., pp. 32-83. 


Family CHRYSOMELIDAE. 


Anomoae laticlava Forst. Feeds on foliage. 
1890, Packard, 5th Rept. U. S. Ent. Comm., p. 373. 
1892, Chittenden, Proc. Ent. Soc. Wash., 2:261-267. 


Cerotomia caminae Fabr. “Feeding upon sap from wounds made by 
Cyllene robiniae in black locust.” 


1893, Hopkins, Bul. 32, W. Va. Agri. Exp. Sta., p. 201, No. 193. 


Odontota nervosa Panz. Tue Rosy Hispa. Feeding upon leaves 
of black locust, generally found with O. dorsalis. Common in Ohio. 

1891, Hopkins, Bul. 16, W. Va. Agri. Exp. Sta., p. 88. 

1893, Hopkins, Bul. 82, W. Va. Agri. Exp. Sta., p. 202, No. 200. 


1902, Chittenden, Bul. 38, (n. s.) Div. Ent. U. S. Dept. Agri. 
pp. 84-85. 


47 


Typophorus canellus Fabr. (Syn. Paria.) Feeding on leaves. 
1880, Riley, Am. Ent. (3) n. s. 1:242-248. 
* 1895, Harvey, Ann. Rept. Me. Agri. Exp. Sta., pp. 106-110. 


Family CIsTELIDAE. 


Mycetochares haldemant Lec. Reared from black locust twigs. 
1890, Schwarz, Proc, Ent. Soc. Wash., 2:74. 


Family Metowar. 


Epicauta unicolor Kirby. (Syn. Macrobasis.) Tue Asuy-Gray 
‘BLISTER-BEETLE. This common blister-beetle feeds upon a variety of 
strees and plants, including the black locust. 

1868, Glover, Rept. U. S. Commr. Agri., p. 108. 

+1898, Chittenden, Yearbook U. S, Dept. Agri., pp. 249-250. 

1899, Hamilton, Can. Ent., 21:103. 


Family CuRcULIONIDAE. 


Plocamus hispidulus Lec. Reared from black locust twigs. 
1896, Schwarz, Proc. Ent. Soc. Wash., 2:74. 


Zaglyptus striatus Lec. Reared from black locust twigs. 
1890, Schwarz, Proc. Ent. Soc. Wash., 2:74. 


Apion rostrum Say. Say’s Weevit. Adults feed upon black locust 
leaves, larva developing.in seeds-of the wild indigo bush, Baptista tinctora. 
1890, Packard, 5th Rept. U. S. Ent..Comm., p. 367. 


Family ANTHERIBIDAE. 


a 


Eusphyrus walshi Lec. Developing in twigs of black locust. 
1890, Schwarz, Proc. Ent. Soc. Wash., 2:74 
1893, Hopkins, Bul. 32, W. Va. Agri. Exp. Sta., p. 214, No. 305. 


Family ScoLyTIDAE. 
Hypothenemus eruditus Westw. Reared from black locust twigs. 
1890, Schwarz, Proc. Ent. Soc. Wash., 2:74. 


Micrasis rudis Lec. Reared from black locust twigs. 
1890, Schwarz, .Proc. Ent. Soc. Wash., 2:74. 


* Description and life history. 
+ Life history. 
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INSECTS AFFECTING THE HARDY CATALPA. 


The Hardy or Western Catalpa (Catalpa speciosa Ward) is a native- 
to the rich alluvial bottom lands of the Mississippi and its tributaries, and: 
is found from southern Illinois and Indiana, through western Kentucky~ 
and Tennessee to northern Arkansas. It has been cultivated throughout: 
the greater part of the United States, and has become naturalized im 
Louisiana and eastern Texas. 

In its native region it has long been recognized as a valuable species, . 
because of the rapidity of its growth and the durability of its wood. It 
has been cultivated on a small scale throughout the middle west for more- 
than fifty years. The success of the early plantings on the fertile prairie- 
soils have led to the establishment of large commercial plantations within: 
the past twenty-five years, several of which have proved very successful. 

In Ohio it has been grown in a small way for more than half a cen- 
tury, and in the rich river bottom lands and fertile limestone soils of the- 
western half of the state has justified the abundant faith of its early 
friends. In the eastern portion of the state, where sandstone and shaley 
soils prevail, growth is much slower and it shows a decided tendency to- 
develop a crooked trunk, which reduces its value materially. 

The popularity of this tree has been considerably injured through: 
carelessness in sending out seeds and plants of the southern Catalpa 
(Catalpa catalpa Karst) instead of the hardy species. The southern spe— 
cies is much less desirable, because of its inherent tendency toward a 
slower and more crooked growth and low branching top. 

The Catalpa enjoys comparative immunity from serious insect ene- 
mies. No boring insects have been reported as attacking this tree, and” 
but one leaf feeding insect causes serious injury.. The Catalpa Sphinx 
and the Catalpa pod Diplosis are the two species causing the greatest 
damage, hence are given prominence in this bulletin. Several other 
insects have been reported as feeding upon this tree, none of which are- 
cofisidered of economic importance. These are taken up in their natu- 
ral order. 


THE CATALPA SPHINX. 
Ceratomia catalpae Bois. 
Order LepipopTera; Family SpHINGIDAE. 


During July, 1905, Mr. G. A. Runner, Assistant Inspector of this. 
Division, sent in several specimens of the larve of the Catalpa Sphinx,* 
which he reported to be stripping Catalpa trees near* Proctorville, Ohio. 


* Prof. F. M. Webster found specimens of this insect in Lawrence County,. 
Ohio, about 1896. 


Gl L 
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Fic. 11. The Catalpa Sphinx (Ceratomia catalpae):a, egg mass; b, newly-hatched 
larvae; c, a larva one-third grown; d, dorsal view ot one of its joints; 
e, f, h, differently marked larvae; g, dorsal view of one of the joints 
of f; i, do .of h; j; pupa; k, moth, natural size; 1, egg enlarged. 
(From Riley, Rept. U. S. Commissioner of Agriculture, 1881.) 
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He also stated that they were very numerous near Huntington, W. Va- 
On July 29, newly-hatched larvee of the second brood were found at the 
first-mentioned locality feeding upon the new crop of leaves which had 
developed on the trees defoliated by the first. brood. Many pupe were 
found about four inches below the surface of the soil, under the trees. 
Larva were observed feeding on Catalpa trees at several points in Athens, 
Vinton, Jackson, Gallia and Meigs counties during the summer. In the 
latter county about one thousand four-year-old Catalpa trees in the nur- 
sery row had been stripped of two crops of leaves in each of the past two 
years, and many of them were dead and the remainder are practically 
worthless. , ; 

The greatest damage reported was at Jackson, where both species of 
Catalpa have been planted quite extensively for street trees. Many of 
them have been entirely defoliated two or more times in each of the past: 
three years. The worms were numerous enough to become a nuisance 
when they were full grown, as they left the trees and crawled about seek- 
ing suitable places to enter the ground to pupate. Frequently, when a. 
tree was badly infested, the leaves were all eaten before the larva were 
mature, and in their search for other trees many of them wandered. over 
the lawns, walks, porches and even into the houses. This has caused a 
few residents of that city to have their Catalpa trees cut down. 

Dr. J. B. Smith states that the range of this species is “from Virginia 
to Florida; westward to the Mississippi; as far north as Indiana.” It 
has been gradually. spreading northward during the past few years. The 
pest was reported from southern Indiana in 1890 and again in 1905; at 
Lexington, Ky., in 1898, and Delaware county, Pennsylvania, in 1898. 
In New Jersey it has been reported as far north as the latitude of Dela-— 
ware, Ohio, and is said to be not only holding its own but gradually ex- 
tending out into the country districts. : ; 

In the Southern States there are three or four broods, the last one 
hibernating in the pupa state beneath the ground, the moths emerging the 
following March. According to Mr. Koebele, the time from the laying 
of the eggs to the emerging of the adult is, in midsummer, about six 
weeks. The eggs are broadly ovoid, pale yellowish-green, with a smooth, 
delicate shell. After the larvae hatch the empty shells are white and 
irridescent. They are laid in hemispherical masses, about three-fourths. 
of an inch across, on the under sidé of the leaves, and are unprotected. 
The masses contain from five hundred to one thousand eggs, which are 
piled one above another with no attempt at regularity of arrangement. 

The larve hatch in a few days and immediately begin feeding upon 
the epidermis, later eating the whole leaf. They are gregarious, feeding 
in colonies until nearly full grown, and when migrating from the leaves. 

‘or branches they follow one after another in single file. When newly 
hatched, the larve are pale yellowish-green in color, blending very nicely 
with the foliage. Later they become a darker green with black mark- 
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ings, but there is considerable variation in the proportions of black and 
green in the full grown larve. The pupa is slender, reddish-brown in 
color with an acute, rather long, terminal spine. The adult moth is 
grayish-brown or ashy color, with black markings, and a white frin S 
along the outer margin of the wings. 


NATURAL ENEMIES, 


The larve were generally parasitized in Jackson and Lawrence coun- 

ties. Mr. Runner states that worms, covered with white cocoons of the: 
parasites, were common on nearly every tree examined at Jackson, and 
these parasitized worms dropping onto the lawns and walks were very 
offensive. On August 5, 1905, he collected thirteen badly parasitized 
larve. On August 18, three hundred and one parasites had developed,. 
of which seventy-eight were Apanteles catalpae Riley, a primary parasite: 
two hundred and nineteen Hypopteromalus (Pteromalus) tabacum Fitch, 
and four Horismenus (Holcopelta) microgastri Ashm., both hyperpara- 
sites. August 26, seventy-two specimens of H. tabacum and twenty- 
one of the last-named species had emerged, making a total of 
seventy-eight primary parasites and three hundred and sixteen second- 
aries reared from the thirteen larve. These insects were determined by 
Dr. Ashmead through the courtesy of Dr. L. O. Howard, Chief of the 
United States Bureau of Entomology. As the secondaries outnumber the 
primaries more than four to one, it is an open question whether this 
sphinx moth can be controlled by parasitism. 

The catbird, Baltimore oriole, and both the black and yellow-billed 
cuckoos are reported to feed upon the larve of this species. In the: 
Southern States the two latter species, although very shy birds, do not 
hesitate to enter the cities in their eager search for these worms, and they 
are credited with considerable importance as agents in the control of 
this pest. 

REMEDIES. 


The gregarious habits of the larve, especially when young, suggests. 
their destruction by picking and destroying the leaves infested with the 
newly-hatched colonies. * Their voracious appetites, and the fact that 
the whole leaf is eaten, makes it possible to poison them with arsenical’ 
sprays, but to be effective in saving the foliage they must be applied 
before the worms become full grown. In nurseries or plantations, deep- 
cultivation during summer while the insects are in the pupa stage and 
shallow plowing toward the trees late in the fall will probably destroy 
large numbers of the pupe. 
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THE CATALPA DIPLOSIS. 
Cecidomyia catalpae Comst. 
Order Diprera; Family CecipoMYIIDAE. 


The larvee of this midge infest the seed pods of the catalpa. The 
-eggs are deposited by the adult in the immature seed pods; the small, 
.active, yellow, footless maggots’feeding there and causing the contents 
_to decay, and the pods to turn brown and dry up prematurely. When 
disturbed the little maggots wiggle out and fall to the ground. They 
have the power of leaping into the air if placed upon a firm surface. 
This is done by bringing the two ends of the body together and straight- 
-ening out with a sudden jerk, sometimes jumping several inches. The 
larvee leave the pods and enter the ground to pupate, emerging in a few 
days as small yellow midges, with dusky wings which have a bluish irri- 
-descent appearance. 

When they confine their work to the seed pods the harm is merely 
the preverition of seed production, but from observations made during 
‘the summer of 1905 the writer is led to believe that the same species 
.attacks the tender tips of the shoots of the current season’s growth, and 
in this case causes even greater injury than in the former. 

At several points in southwestern Ohio, injury to the tender tips of 
vigorously growing two and three-year-old catalpa trees in nursery rows 
was observed during August and September, 1905. Usually two or 
three inches of the tip began to wither and turn brown, finally becoming 


* Description. 
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rauch shrunken and black. When opened they were found to contain 
several small, yellow, footless maggots, similar to the catalpa pod Diplo- 
sis, and having the same power of leaping. The eggs were apparently 
deposited in the stem at the base of a leaf petiole or in the petiole base 
itself and the stem begun to die at this point. 

The writer was not able to rear any of the larve to adults, hence it 
could not be determined whether the maggots causing the injury to the 
stems were the same species as those developing in the pods. In one 
small block of two-year-old catalpas about twenty-five per cent. of the 
trees had been injured. They had been cut back to the ground the pre- 
vious spring, and as a consequence had made a very vigorous growth. 
Many of them had been injured while still quite small, and in nearly 
every case all three of the lateral buds, at the last joint below the point of 
injury, had attempted to produce a leader, which resulted in a crooked 
forked stem. This insect seems likely to assume considerable’ economic 
importance to nurserymen and others growing catalpa trees. 

The writer would suggest cutting and burning the withering tips 
before the larve leave them as one means of preventing further injury. 

1880, Comstock, Rept. U. S. Commr. Agri., p. 266. 

1890, Packard, 5th Rept. U. S. Ent. Comm., pp. 666-668. 


ORDER ORTHOPTERA. 
Family LocustTIDAE. 


Orchilimum sp. The eggs of a long horn grasshopper of this genus 
were found in the leaf petioles of catalpa trees at Washington C. As 
and Tippecanoe City, Ohio, during October, 1905. 

1905, Records Div. N. and O. Insp., Ohio Dept. Agri. 


Family GRYLLIDAE. 


Oecanthus niveus Harr. THe Snowy TREE Cricket. The charac- 
teristic egg punctures of this insect were found in petioles and tender 
twigs of catalpa at Washington C. H., Ohio, September, 1905) 

1890, Weed, Ann. Rept. Columbus Hort. Soc., 5: 106-107 : 

1905, Records Div. N. and O. Insp., Ohio Dept. Agri. 


ORDER: HEMIPTERA. 
Family CoccIDAE. 


Aspidiotus perniciosus Comst. San JOSE SCALE. Infests trunk and 
branches of catalpa. The small hymenopterous parasite, Aphelinus fus- 
cipennis has been reared from this scale insect on catalpa. 
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ORDER LEPIDOPTERA. 
Family LiparipAE. 


Hemerocampa leucostigma S. and A. (Syn. Notolopa.) THE 
Wuitr Marxkep Tussock Morn. This insect has been reported as feed- 
ing upon the catalpa. For discussions of life history see Insects of the 
Black Locust. 

1895, Howard, Yearbook U. S. Dept. Agri., pp. 368-375. 


Family ARCTIIDAE. 


Isia isabella S. and A. Tue Isapetta Ticer-Motnu. The larva of 
this moth is one of our most common catterpillars. It is densely clothed 
with stiff hairs, which are reddish-brown in the middle of the body and 
black at either end. The insect winters in the larval state, pupating in 
the spring after feeding a short time. The cocoon is composed largely 
of hairs from the body. The adult is brownish-yellow with a few black 
dots. A larva of this species was observed feeding on a catalpa leaf at 
Tippecanoe City, Ohio, during October, 1905. 


Hyphaniria cunea Drury. Tur Fatt Wes Worm. This insect has 
been reported as feeding upon the catalpa. The life history and habits 
have already been given under Insects of the Black Locust. 


*1886, Riley, Rept. U. S. Commr. Agri., pp. 518-539. 

*1887, Riley, Bul. 10, Div. Ent. U. S. Dept. Agri., pp. 1-69. 
*1890, Packard, 5th Rept. U. S. Ent. Comm., pp. 244-257. 
1892, Osborn, Trans. Iowa Hort. Soc., pp. 96-127. 

1895, Howard, Yearbook U. S. Dept. Agri., pp. 375-384. 


Family SPHINGIDAE. 


Ceratomia hageni Grote. Tur OsaceE OraAnce Sputnx. This 
Hawk-moth was reported by Prof. Bruner as feeding upon the ash, elm, 
cottonwood, willow and catalpa in Nebraska. 


1890, Bruner, Bul. 14 and 4th Rept. Neb. Agri. Exp. Sta., pp 104-106. 


* Parasites and life history. 
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Family SaTuRNIIDAE. 


Samia cecropia Linn. Tue Cecropra Morn. Larvee reported feed- 
ing upon the catalpa on tree claims in Nebraska. 
1891, Bruner, Bul. 14 and 4th Rept. Neb. Agri, Exp. Sta., pp. 9-20. 


ORDER COLEOPTERA. 
Family ScARABAEIDAE. 


Lacnosterna sp. THE CommMon Wuite Grup. The larve of this 
common pest were found feeding on the roots of catalpa seedlings in 
the nursery row on river bottom land near Troy, Ohio, August 23d, 1905. 
Nearly all the trees attacked died, and in many cases the tap root was 
severed about one inch below the surface of the ground. Persons plant- 
ing catalpa seed or young trees should avoid land that has been in sod 
the previous year, especially if grubs are known to be present. 

1905, Records Div. N. and O. Insp. Ohio Dept. Agri. 


The work of a leaf miner in Hardy Catalpa leaves was observed 
at Tippecanoe City, Ohio, on Octorber 16th, 1905. The larva begins 
the mine as a narrow serpentine passage visible from the upper surface 
of the leaf only. This portion is continued of a nearly uniform width 
for about an inch, when it is abruptly enlarged into a somewhat circular 
blotch mine, usually from one-half to three-fourths of an inch in diam- 
eter, but a few were observed which were one and one-fourth inches 
across. Nearly all of the mines were empty when examined, hence the 
writer was unable to determine the identity of the insects responsible for 


the injury. 
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THE CATALPA MIDGE. 


Cecidomyia catalpae Comstock. 
BY H. A. GOSSARD. ' 
CHARACTER OF DAMAGE AND IMPORTANCE. 


Three distinct forms of injury are chargeable to the larvae of the catalpa midge. 
1. To the leaves, causing a form of leaf spot. 
2. To the terminal buds and ends of the branches. 
3._ To the seeds in the pods. 


1. The adult midges must appear in late May and early June in 
ordinary seasons. About June 22, 1908, my assistants found injury 
pronounced on many trees and numerous larvae were in the 
terminal buds. A close examination of the material brought in from 
the field soon discovered larvae on the leaves as well as in the buds, 
and a few hours observation of hundreds of larvae on collected 
leaves, as well as on leaves still on the trees, established their con- 
nection with the leaf-spot trouble. In the center of many of the. 
spots could be found a larva with its head end inserted intoa small 
hole in the center of the spot from which it imbibed its nourish- 
ment. Apparently the damage was caused by the removal of the 
plant juices from the spot, as there seemed to be no separation of 
the upper and lower epidermal surfaces over the injured area, nor 
did the larva seem to bury the front part ofits body between the 
surfaces after the manner of some leaf-miners. Some spots just 
commencing to form could be found with young larvae feeding in 
their centers. Hundreds of these spots could often be found on 
single leaves, and large fruiting trees are sometimes so badly 


(1) 
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attacked that from one-third to one-half the leaves wilt, turn brown 
and diefrom this cause. After the larvae disappear from the leaves, 
the resemblance of these spots to some of the fungous leaf-spot 
maladies is so great that for one or two seasons our botanists examined 
the spots very carefully at intervals with the compound microscope, 
the only result being to strengthen the suspicion that they were in 
some way caused by insects. The spots are generally about three- 
sixteenths of an inch in diameter, but vary from mere points of 
brown to more than one-fourth inch in diameter, and sometimes by 
the coalescence of numerous spots large irregular patches of dead 
tissue are formed. Late in the season many of the spots break 
through or fall away, leaving the leaf full of holes and torn and 
ragged in appearance. That the larvae causing this trouble are 
identical with those which work in the bud seems quite certain by 
their similar appearance of form and coincident period of 
attack, but we have not yet bred leaf larvae from adults known to 
have developed from bud-inhabiting larvae, or vice versa, so the 
proof of their supposed identity isnot perfect. But few larvae have 
been found on the leaves of old trees in the fall, the attack being 
apparently concentrated on the seed pods; but young trees have 
many larvae on their leaves in mid September, and probably until 
the leaves fall. 

2. The most conspicuous form of injury due to the midge and 
the one which has been the subject of most inquiry at the Station is 
that done to the terminal buds. Mr. Cotton writes thus of his 
observations in 1905: ‘‘At several points in southwestern Ohio, 
injury to the tender tips of vigorously growing two-and_ three-year- 
old catalpa trees in nursery rows was observed during August and 
September, 1905. Usually two or three inches of the tips began to 
wither and turn brown, finally becoming much shrunken and black. 
When opened they were found to contain several small, yellow, . 
footless maggots, similar to the catalpa pod Diplosis, and having the 
same power of leaping. The eggs were apparently deposited in the 
stem at the base of a leaf petiole or in the petiole base itself, and the 
stem began to die at this point.”’ 

‘In one small block of two-year-old catalpas, about twenty-five 
percent of the trees had been injured. They had been cut back to 
the ground the previous spring and as a consequence had madea 
very vigorous growth. Many of them had beeninjured while still 
quite small, and in nearly every case all three of the lateral buds, at 
the last joint below the point of injury, Si attempted to producea 
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Figs. 1 and 2. 
Dead tips due to 
midge larvae 
working in buds 
and tender wood. 


BIG. 1. 


FIG. 2. Photo by Houser. 
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Fig. 3. Forking 
caused by repeated 
destruction of leaders. 


Fig. 4. Injury 
to seed pods. 


: FIG. 4. : Photo by How er 
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leader which resulted in a crooked, forked stem. This insect seems 
likely toassume considerable economic importance to nurserymen 
and others growing catalpa trees.” * “ : 


Mr. Houser in Bulletin 194 of this Station says: “During the 
earl y summer, the tender growing tips of the catalpa become swollen 
and in time blacken at the point of injury. During the early part 
of the season the injury isusually found three or four inches below the 
tip, and at a lesser distance during late summer when the tree is 
growing less rapidly. The tip above the injury dies. Following 
-the death of the tip.in early summer, the next node below develops 
one or more branches, and frequently a cluster of leaves, giving the 
tree a bushy growth. The ultimate result, after continued top- 
ping, is a stunted, crooked, forked growth.” 


“An examination made last spring (1906) of all the twigs upon 
15 three-year-old catalpa trees, revealed the fact that 49 percent of 
the tips had been injured by the bud gnat.” 


These blackened tips are generally fullof larvae, the whole 
presenting the same general appearance as does the interior of the 
pods later in the season. Itseems probable that injured spots in 
the skin of the twigs are used as points of entrance, where these are 
available, but it seems certain that entrance is often gained into 
uninjured twigs. 


In July 1907, a circular letter accompanied by a small folder of 
jllustrations, entitled ““Three Catalpa Troubles,” was sent out from 
the Department of Entomology of the Ohio Experiment Station to 
several hundred catalpa growers in Ohio, requesting reports on the 
kinds of injury described and illustrated. ‘Two of the forms of 
injury due to the catalpa midge, viz., terminal bud damage and 
leaf-spot were among the subjects of inquiry. Of the growers 
reporting, 119 had not suffered from either form of injury, so far 
as they were able to discover, while 107 had observed one or both 
forms. About one-third of these reporters (37) had noticed the 
terminal injury without finding any leaf-spot; 33 found leaf-spot 
conspicuous without any injury to the buds, while 37 found both 
forms of damage occuring conjointly. . 

3. Professor Comstock’s description of the third form of 
damage is as follows: “Tn the early part of August the unripe and 
normally green pods of the Indian bean (Catalpa bignonoides) upon 
the Department grounds, at Washington, were noticed in many 
cases to have partly turned brown in a strange manner; one-half or 
more of the pod remaining green, while the remainder appeared to 


* Bulletin 7 of Div. Nursery and Orchard Inspection, Ohio Department of Agriculture. 
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be dry and of the color which it usually has when ripe. Upon open- 
ing one of these abnormal pods, the mass of seeds was found to be 
fairly filled with active, footless, little yellow maggots, none of them 
more than 3.25 mm. long. When disturbed they wriggled from the 
pod and fell to the ground, or bringing the two ends of the body 
together and suddenly straightening with a jerk, they would 
jump to a distance of several inches. The seeds themselves 
and the whole contents of the pod were, in every case, in a decaying 
condition. The larvae were of very different sizes, some apparent- 
ly being nearly full grown, while others were evidently very young. 

“Some ten days after the pods had been placed in a breeding 
jar, the adult flies began to appear—minute yellow midges with 
dusky wings. From that time on through the fall, occasional exam- 
ination of the pods showed larvae of all sizes still at work, many of 
the pods becoming entirely brown and dry before the middle of 
September. It was often a puzzling thing in examining these pods 
to find the point where the larvae made their exit, for the pupa 
state is passed underground. Usually one, two or three small 
orifices would be found through which all the inhabitants of the pod’ 
must have issued. The manner in which this hole is madeisa 
mystery. Examined from the inside, it shows marks of gnawings 
around its edge, and frequently spots are found where attempts to 
pierce the pod have evidently been made, but unsuccessfully. Yet 
as cecidomyid larvae have no horny masticating jaws, how have they 
then made these orifices? In pods which had evidently been 
attacked earlier in the season, while younger and tenderer, the 
holes were much larger and more abundant. Occasionally the pod 
will have become so dry that it will have cracked, and in such cases, 
of course, no other hole would be neccesary.” * 

On July 27th, an examination of the seed pods of the hardy 
catalpa, Cata/pa speciosa, was made and injury to them by the 
midge was just commencing. At intervals on the pods small 
blackish spots were found which, when examined with a lens, were 
seen to be minute holes surrounded by a small area from which the 
skin had been eaten or torn away. Inside the bean, near the open- 
ing,a few very young midge larvae were found. Whether the 
gnawed surface and hole through the wall of the pod were made by 
the larvae or adults, it is not possible to state with certainty, but in 
all probability the newly hatched larvae are wholly or chiefly 
responsible for it. Probably in some cases they take advantage of 
injured places in the skin and complete openings already started by 
other agencies. 

* Annual Report, U.S. Dept. Agr. 1880, pp. 266-267. 
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Fig. 5. Eggs of the midge 
much enlarged. Photo- 
micrograph. 


Fig. 6. Larvae 
of the midge 
much en- 


larged. 


Fig. 7. Adult female midge 
much enlarged. Photo- 


micrograph. 


FIG. 7 Negatives by Goode. 
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F DESCRIPTIVE. 

Ege: The egg is elongate with rounded ends, being about .35 mm, 
long and from one-fifth to one-fourth as wide as Jong. It appears trans- 
lucent greenish or whitish, probably depending somewhat on the de- 
gree of development reached. The eggs are laid in masses, a single 
mass Sometimes containing upwards of 80 eggs. Many of these 
eggs are curved into a bow shape, and their sides adhere to each 
other somewhat. ‘I‘he masses found were laid on the inner sur- 
faces of the tiny young leaves just formed in the terminal buds. 
Whether the larvae found on the older leaves come from eggs 
scattered promiscuously over them,,orif they disperse from egg- 
clusters, deposited in the manner observed when the leaves are 
young, we do not yet know; nor do we know where the eggs are laid 
from which hatch the larvae found in the pods. 

Larvae: The full-grown larva is about one-eighth of an inch 
long and about one-fifth as broad as long. The color varies from 
pale whitish to orange. Those working most in the open, as upon 
the leaves, seem, generally speaking, to be the deepest colored; yet 
deep colored specimens may often be found in buds and also in 
seed-pods. With a good magnifying glass the: body is seen to be 
segmented transversely, a compound microscope showing fourteen 
segments. The larva possesses a peculiar habit. It brings the 
two ends of the body together and by suddenly straightening itself 
with a jerk, is enabled to jump several inches. 

Adult: The female isa minute, two-winged fly, about one-six- 
teenth of an inch Jong and has a light yellow body and dusky wings 
that show a bluish iridescence under a magnifying glass. 

SUMMARY OF LIFE HISTORY AND HABITS. 

The adult flies must first appear in May, since the spots on the 
leaves appear in that month or early in June. On June 22, 1908, 
larvae could be found in abundance on the leaves and also in the 
terminal buds. Adults could be seen here and there on the leaves 
and could be captured in abundance by sweeping catalpas witha 
net. Egg-masses, freshly laid, could be found in the terminal buds. 
Cuttings of catalpa, containing hundreds of larvae, were sunk into 
moist sand and placed in breeding cages. Adult flies appeared in 
these cages July 4th, and-for several days thereafter. It was 
difficult to find a mass of eggs, part of which had not hatched at the 
time of discovery, thus evidencing the shortness of the incubation 
period. As nearly as we could determine from eggs laid by midges 
in our cages, the young larvae begin to emerge within 24 hours or | 
less after.the eggs are laid. Asnearly as could be judged from our 
breeding work, the life of a complete generation in mid-summer is 


THE CATALPA MIDGE. 


Fig. 8. Point of 
entrance into seed 
pod. 


FIG. 9, 


Fig. 9. Spots 
on leaves. 


y 


Negatives by Goodwin. 
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from three to four weeks. While most of the larvae descended into 
the sand to pupate, some did not, but transformed wherever they 
happened to be. Some midges were obtained in each of three glass 
tubes, containing nothing but cuttings harboring the larvae. The 
pupa, to casual observance, seemed to differ but little from the 
larva, except that it had become somewhat shorter. ‘The larvae 
were seen to disengage themselves from the leaves by their jerking 
habit and drop tothe ground. In the latter part of June the upper 
layer of earth to the depth of one-fourth to one-half inch was 
removed from beneath an infested catalpa tree and put intoa glass 
covered case in the laboratory. This earth was kept spread out, 
the depth being not more than one-half inch, and it was moistened as 
often as necessary. In early July adult midges appeared inthe 
cage, thus proving that the pupal stage is ordinarily passed in the 
ground. These midges were confined on catalpa slips taken from 
trees grown in the insectary and which had never shown signs of 
infestation. July 16th, three or four larvae were found on the 
leaves of one of these slips. Noeggsor larvae could be found in 
the bud of this slip. A different slip, that was put into a jar con- 
taining midges that hatched from buds on July 4th, had new larvae 
in the bud July 15th. Some adults, that had issued some time after 
July 4th, were still living in thé cage at the time of this observation. 
The average life of the fly is probably from three or four days toa 
week or ten days. Sometime in late June both adults and larvae 
disappeared from the groves outdoors and were not again found 
until July 16th. In the latter part of summer, the larvae seem 
chiefly confined to the leaves and seed pods in groves of trees that are 
of considerable size, but, as before recorded, Mr. Cotton observed 
them attacking the tender tips of growing nursery stock in August 
and September. Mr. Houser noted, July 30, 1906, that the 

“terminal borer’ was more abundant than ever at Wooster. The 
dates at which Mr. Houser obtained midges were August 7th and 
8th and September 3rd. September 12, 1908, larvae were found on 
leaves and adults were captured from catalpa by sweeping. Prof. 
Comstock obtained flies about the middle of August from larvae 
taken in the seed pods. We found larvae in seed pods as early as 
July 27th, and they still inhabited these pods in mid-September, 
showing a much longer life cycle than the earlier generations work- 
ing in the buds. From all the evidence we possess, we infer that 
there is an indefinite number of generations, the rate of develop- 
ment probably depending on conditions of heat, moisture and food 
supply. In the early season the broods are probably distinctly 
separated, but by the latter part of July all semblance of broods 
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seems to be lost and after this time every stage of the insect can 
be found on any date before late autumn if search is made in the 
right place. So far as known, all varieties of catalpa cultivated in 
Ohio are attacked. 

f IDENTITY. 

The specimens reared by Mr. Houser were submitted to Mr. 
Coquillett, of the U.S. Department of Agriculture, and to Dr. E. P. 
Felt, State Entomologist of New York, both specialists in diptera, 
and both agreed they were near C. catalpae Comstock, but could 
not be sure they were identical with it without comparing them 
with the original types. Abundant material, representing all stages 
of development, taken from both leaves and buds, was sentto Dr. 
‘Felt the past summer and after studying this he provisionally refers 
the insect to Comstock’s species, but has not yet had access to the 
types for comparison. A close scrutiny of our breeding records. 
and field observations; together with the microscopic examinations 
made by Messrs. Felt, Coquillett and the writer, leave scarcely a 
doubt that the different forms of injury herein described are due to 
the same species of Ceczdomyia, though the leaf and bud maggots 
have not been actually bred from flies hatched from pods and then 
isolated. From a practical standpoint, the catalpa grower is most 
interested to know that the maggots causing all three forms of 


damage are to be dealt with in the same way. 
PAST HISTORY AND LITERATURE. 


This insect was first described by Prof. J. H. Comstock in the 
Annual Report of the U. S. Department of Agriculture for 1880. It 
was called the Catalpa Pod Diplosis, because the maggots were 
observed working in the seed pods and the adult was referred to 
the genus Diplosis. In 1890, Packard, in the Fifth Report of the 
U. S. Entomological Commission, on “Forest Insects,’’? quoted 
Comstock’s article in full, but added nothing thereto. In 1906, Mr. 
E. C. Cotton referred to it in Bulletin No. 7, of the Division of Nurs- 
ery and Orchard Inspection, Ohio Department of Agriculture, and 
expressed the belief that it not only injured the seed of catalpa, but 
that it also attacked the growing tips of the branches, causing them 
to blacken and die back for several inches. He only inferred the 
identity of the insect from an examination of the maggots, being 
unable to rear the adults. In 1907, a circular, accompanied by a 
small folder of illustrations, exhibiting different phases of injury 
caused by the insect, was circulated among the Ohio’ catalpa 
growers by the Department of Entomology of the Ohio Experiment 
Station. A few notes were presented by the author at the 
twentieth meeting of the Association of Economic Entomologists, 
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these being published in Vol. I, p. 181, Journal of Economic Ento- 
mology. In Bulletin 194, p. 193, Ohio Experiment Station, Mr. J. 5S. 


Houser devotes a few paragraphs to it. 
NATURAL ENEMIES. 


I have observed lacewing larvae feeding with great avidity on 
the leaf-feeding larvae of the midge. In July, 1905, and also 1906, 
Mr. Houser so frequently obtained a chalcid from the damaged tips 
that, for awhile, we were uncertain whether it was not itself 
responsible for some form of damage to the branches. Subsequent 
observations led to the conclusion that, in all probability, it subsist- 
ed on the midge larvae, but this supposition has never been 
definitely proved. Mr. J. C. Crawford, of the U.S. Department of 
Agriculture, has described this chalcid as Zatropis catalpae.* 


Adults were obtained July 14, 20, 23, 24, 25 and August 14th. 
REMEDIES. 


Cultivation: Young cultivated groves do not suffer so much as 
older uncultivated ones. The larvae fling themselves to the ground 
when full grown and pupate very near to the surface. The fragile 
adult flies cannot make their way to the surface, if plowing has 
buried the immature stages under several inches of earth. Plowing 
in late fallor early spring will accomplish most, but cultivation 
throughout the summer will help. 

Fertilizing: Three or four pounds of kainit scattered under a 
tree over a circle approximating that of the spread of the limbs 
will in all probability destroy the larvae in the soil as well as 
stimulate the tree. Small trees will not need more than half this 
amount. It may be applied in May to prevent the first brood from 
issuing and if necessary can be repeated in late June to catch the 
large July hatching. Stir lightly into the soil with a garden rake. 
Sulphocarbonate of potash, applied at the rate of thirty kegs per 
acre, has been found effective against the pear midge in the soil by 
Dr. Marchal of France. 

Drenching ground with insecticides: If, in early spring, the 
leaves, grass and trash beneath the trees are raked together froma 
wide circle around the trunks and burned, and these cleared circles 
are then drenched with kerosene emulsion diluted with eight to ten 
parts of water, the hibernating stages of the insect will be 
destroyed. 

Close planting: While methods of planting probably have 
little or no effect on the multiplication of the midge, it seems to 
have a direct relation to correction of injuries caused by the midge. 
If the trees are planted not more than four to eight feet apart each 

*Proc. Ent. Soc. Wash, Vol. IX Nos. 1-4. 
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way, a Straight skyward growth is forced and, although the young 
trees Start off with crooked trunks due to successive forkings, 
caused bv terminal injury, after a few years the trunks will have 
become q,'ite straight. After the trees, have attained an age of five 
or six yéars alternate trees can be cut out, if necessary, and the 
trees mayibe trusted after this age to grow fairly straight. 
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1. History of the cottony maple scale in Illinois, and especially recent 
history in and about Chicago. Page 343. 
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basswood. Other trees and shrubs liable to injury. Page 346. 


4. Life history of the insect. Single brooded. Males perish before win- 
ter; females survive, partly grown, on twigs and smaller branches, Page 347. 


5. Thehatching period is from June 15 to July 20; the beginning varies 
as much as two weeks, according to latitude and weather. Page 349, 


6. Summer experiments with kerosene emulsion. One application of 
10 per cent. emulsion, at middle of hatching period, killed about two thirds of 
the scales, and two applications, at middle and end of batching period, killed 
about four fifths. Page 349. 


7. Winter insecticide measures more effective, a single treatment with 
19 or 20 per cent. emulsion killing from 86 to 91 per cent. of the insects. 
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ORIGINALLY A SOUND TRE : ee 


THE COTTONY MAPLE SCALE IN ILLINOIS. 


The cottony maple scale* is a native insect parasite of the soft 
maplet, rarely if ever injurious to the scattering trees of this species 
growing in natural forests, but so destructive to them, and to other 
ornamental trees as well, where these are grown in rows or groups 
along streets or in parks and on private lawns, that its control has 
become an object of primary importance to all owners and lovers of 
some of our most beautiful and popular American trees. In and 
about Chicago especially, it has destroyed, within the past five years, 
thousands of trees, beautiful and valuable in themselves, and still 
more highly valued because of the associations attached to them. To 
do our best to save these noble but helpless products of nature from 
a slow and unsightly death by parasitic diséase, must be the welcome 
duty of all who appreciate the significance of trees in the life of 
the people, and especially of those who live in our larger cities. 

The history of this insect in Illinois since 1867 exhibits succes- 
sive periods of abundance and of scarcity, each averaging about four 
or five years for the state as a whole. That is, throughout some 
considerable part of the state, and often over most of it, the maple 
scale has been injuriously abundant once in eight or ten years, and 
its period of abundance has lasted, as a rule, about half this time. In 
any given locality, however, it has usually been injurious for a much 
shorter time, often for not more than one or two years. The cessa- 
tion of its injuries ‘and its virtual disappearance from the trees in- 
fested by it have seemingly been due almost wholly to the agency 
of its insect enemies. 

An exception to these statements is presented by the existing 
outbreak of ‘this insect in northeastern Illinois, and especially in 
Chicago and its suburbs to the north and west. Here, as shown by 
observations of assistants of the office who have been repeatedly sent 
through the park and boulevard systems of Chicago for an investi- 
gation of insect injuries to shade trees and other ornamental vegeta- 
tion, it has certainly been destructively numerous since IQOI. 
Indeed, according to information locally given to Mr. H. E. Weed, 
of Chicago, it has been continuously injurious over some parts of 
this area since 1886. This general persistence of an injurious in- 
festation within the same district for so long a period is due'to the 


*Pulvinaria innumerabilis. tAcer saccharinum. 
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Fic. 1. A Soft Maple Twig badly infested with adults of the Cotton 


y Maple Scale. 
About natural size. (J.B. Smith.) 
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failure of the insect enemies of this scale to multiply at a sufficient 
rate to check its rapid increase, and this is possibly the consequence 
of an unfavorable effect of a city environment, although there is 
some reason to suppose that the cottony maple scale has here ex- 
tended northward into a latitude more favorable to itself than to the 
insect enemies which commonly hold it in check. , 

Although no attempt has been made to define the present area of 
destructive infestation in Illinois, this scale was reported to me dur- 
ing 1905, in the current correspondence of the office, as locally 
abundant in fifteen counties, namely, Winnebago, Lake, McHenry, 
Cook, Dupage, Kane, DeKalb, Ogle, Bureau, and Henry in northern 
Illinois; Woodford, DeWitt, Sangamon, and Montgomery in cen- 
tral Hlinois; and Marion in the southern part of the state. Doubt- 
less the actual area infested by it was much more general than this 
list would indicate. 

The injurious effect of a severe and long-continued drain by the 
cottony maple scale on the vitality of trees infested by it is unques- 
tionable. Many thousands of soft maple, linden, box-elder, and elm 
trees in northeastern Illinois are now dead or dying, or have been 
disfigured by the death of large branches, because of injuries by 
this insect, and large numbers of such trees have been removed. Pri- 
vate citizens, town boards, and park commissioners have become 
‘deeply concerned, and numerous inquiries and appeals for aid have 
come to this office during the past three years. A lack of available 
funds has, however, prevented as active a participation in the work 
of practical experiment and insecticide operation as might reason- 
ably have been expected of the Entomologist’s office, and I have 
‘been obliged to content myself, in the main, with improving the 
opportunity to observe, and incidentally to assist, the work of official 
bodies and private parties for the control of this pest. 

I am particularly indebted to Mr. Reuben H. Warder, Superin- 
tendent of Lincoln Park, who has kept me acquainted with his work 
against this and other scale insects, and has made it possible for us 
to follow his operations in detail to their final results. I am also 
sinder obligations to Mr. O. C. Simonds, Superintendent of Grace- 
land Cemetery, for similar privileges. Our field observations have 
been mainly made by Dr. J. W. Folsom, Associate in Entomology 
at the University of Illinois, and by Mr. E. O. G. Kelly.and Mr. 
‘C. A. Hart, serving as assistants to the State Entomologist. Dr. 
Folsom also managed a small spraying experiment for me at Grace- 
land Cemetery in 1905. 

The present article, in the preparation of which I have had the 
valued assistance of Mr. Hart, is intended to-give a brief account of 
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the insect, to review the attempts made to destroy it by means of 
summer and winter sprays, and to present practical instructions 
for its mastery where it is still present in destructive or threatening 
numbers. 

A comprehensive article on the insect, prepared by Dr. L. O. 
Howard, appeared in 1900 in Bull. 22 of the U. S. Bureau of En- 
tomology, and Circular 64 of that. Bureau gives a brief popular 
account of it and of measures to be taken for its destruction. This 
paper was prepared with special reference to the Chicago situation 
of 1905. In Bull. 52 of the Bureau, published in 1905, is a paper 
by Mr. H. E. Weed describing his experiences in spraying against 
this scale in Chicago, and Mr. S. A. Johnson has reported on some 
experiments in Denver, Col., with a winter insecticidal treatment. 
The last-mentioned author has this year made the species the subject 
of Bull. 116 of the Colorado Agricultural Experiment Station, in 
which a summer treatment is especially discussed. 


Foop PLANts. 


The soft maple (Acer saccharinum) is the tree most generally 
and heavily infested by this insect. The hard maples, on the other 
hand, are infested but slightly if at all. The box-elder is also greatly 
subject to injury, and next to this, perhaps, the linden or basswood. 
Among the other trees and woody plants often more or less injured, 
are the elm, honey-locust, black locust, black walnut, sumac, willow, 
poplar, beech, hawthorn, bittersweet, grape-vine, and Viriginia 
creeper. Dr. Folsom found mature egg-laying females on the horse- 
chestnut, honeysuckle, dogwood, trumpet-creeper, mulberry, snow- 
berry, smoke-tree, Spirzea, false syringa (Philadelphus), and Wis- 
taria. Oak, ash, and catalpa are not infested in northern Illinois, 
but injury to oak is reported from Georgia. According to S. A. 
Johnson, the pear is most liable to injury among the fruit-trees, and 
apple, plum, and peach are sometimes infested. Serious damage to 
fruit-trees is, however, very unlikely. The migrating young, which 
are often washed from trees by rain, or blown off in considerable 
numbers, may maintain themselves for a time on a great variety of 
woody and herbaceous plants, those on the latter, of course, per- 
ishing with the advent of frosts. 
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THE Lire History oF THE InsxEcr. 


In early summer this 
scale, when very abund- 
ant, coats the under 
side of heavily infested 
limbs with a thick 
layer of cotton-like 
waxy masses (Fig. 1, 
2), each projecting 
from beneath a brown 
cap or scale—the flat 
body of the mature fe- 
male. This “cotton” is 
secreted and the eggs 
are deposited within it 
in late May or early 


Fic. 2. The Cottony Maple Scale, adult females 


ontwigs. Natural size. (Howard, U. S. Department of June In the latitude of 
Agriculture.) central Illinois, but usu- 


ally one or two weeks later in the Chicago district. 
Something over 3000 eggs are usually laid by each female, the 
number ranging, in our counts, from 2856 to 3863, with an aver- 


ie young female, top ind cide views! 4 -younm ait, /ponnn oa leat aud taste, Wate 
ral size shown ine. (Howard, U.S. Department of Agriculture.) 

age of 3410. These eggs ordinarily hatch in June in central Tihi- 
nois, in early July in the northeastern part of the state, or later if 
the weather of the time is unfavorable. Virtually all are hatched, 
as a rule, by the end of July. The young insects may crawl out on the 
leaves and establish themselves beside the principal veins on both 
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surfaces of the leaf, but most abundantly beneath, or else may locate 
upon the twigs. At this season (Fig. 3) they present the appear- 
ance of small, inconspicuous, waxy, elongate-oval scales, applied 
closely to the leaf. They are usually motionless, but have never- 
theless minute 
legs still capable 
of service, but in- 
visible unless the 
insect is turned 
_ over. = Inserting 
their tiny beaks 
into the tissue of 
the leaf, they suck: 
out the sap, and 
when the supply 
of food is large 
they give off the 
excess in the form 
_of a sticky fluid, 
the so-called 
“honey dew,’’ 

Fic. 4. Male of Cottony Maple Scale: a, adult; b,c, anan- W h i c h moistens 
tenna and leg enlarged; d,e, second stage of pupa and its cast 


skin; fg, true pupa and its cast skin. All greatly enlarged. the surface of the 
(Howard, U. S. Department of Agriculture.) lower leaves and 


falls on the plants beneath the tree. Under this 
large and constant withdrawal of sap the leaves 
turn pale or yellowish, and may fall off prema- 
turely, with the effect sometimes to kill the larger 
branches or even the entire tree. 

The male bark-lice beneath the scales on the 
leaves reach maturity the same season, and trans- 
form to tiny gnat-like insects (Fig. 4) with a 
pair of delicate wings. They pair with the partly 
grown females on the leaves, and die at the ap- 
proach of winter. Before the fall of the leaf in 
autumn the young females collect on the under 
side of the smaller branches, where they spend 

the winter in a more or less dormant condition 
MapleScalesaduitse. With their beaks inserted in the wood. They 
belore! the fomiaties complete their growth in spring (Fig. 5), and 
(Howard U, “S836: in due time produce the so-called “cotton,” within 
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Tue HatcuHinc PErtop. 


As the newly hatched young are especially susceptible to the 
petroleum insecticides, which act by contact, a definite knowledge 
of the hatching period has an important practical value. In central 
Illinois this period extends approximately from June 15 to July 20. 
In and about Chicago it commonly begins about two weeks later, 
and continues for a period of three weeks, this retardation being ap- 
parently due to the higher latitude and to the neighborhood of Lake 
Michigan. In 1905, for example, Dr. Folsom found that the young 
began to appear in Chicago about July 1, and were all out by 
July 21 or a few days later, but that thirty miles west of the 
city, hatching began about June 20. Mr. H. E. Weed reports, in 
Bull. 52 of the U. S. Bureau of Entomology, that in 1904 scarcely 
any eggs had hatched in Chicago by June 25, but that the young ap- 
peared rapidly under the influence of a few days of warm weather. 
about July ro. The recorded dates for Colorado approach those 
given for Chicago. In Washington, D. C., according to Dr. How- 
ard, hatching of the eggs begins usually in late May or early June, 
and continues into July and sometimes to the beginning of August. 

The period varies, in short, as to its beginning time, with the 
advancement of the season, and once begun, the rapidity of the 
hatching will depend, other things being equal, on the warmth of 
the weather. It is also influenced locally by the amount of foliage 
on the trees, the eggs hatching later and more slowly in a dense 
tree-top than in one more open to the sun. 


SuMMER INSECTICIDE MEASURES. 


Owing to the manner in which these insects obtain their food— 
that is, by sucking the sap through a tubular beak—they are not 
susceptible to poisoning by way of their food, and the only insecticides 
available against them are those which kill by contact, and of these 
the kerosene mixtures have thus far been found the most useful. 
The most satisfactory of these is the common kerosene emulsion, 
made by thoroughly and intimately mixing a good grade of kero- 
sene with one third its volume of a strong soap-suds, and diluting 
with water according to the time of the year when used. Precise 
directions for preparing and applying this emulsion may be found in 
the general summary at the end of this paper. ; 

The use of this insecticide for the maple scale dates from experi~ 
ments made by me in 1884, intended to test the effect of kerosene 
emulsion on the newly hatched young, and described in the Four- 
teenth Report of the Illinois State Entomologist. They showed: 
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that practically all these may be killed by dipping the infested 
leaves in dilute emulsions (thosé used varying in content from 242 
to 10 per cent. of kerosene), unless the application be delayed too 
long after hatching. When the young are a week or two old they 
are partially protected by a waxy covering against the action of the 
oil. The test of death used was a thoroughly reliable one. The 
young were at this time so small and transparent that the action of 
the heart could be readily seen under a microscope, and the cessation 
of this action was the mark of death depended upon. As the maple 
scale disappeared from my neighborhood in 1885, no further experi- 
ments were made at that time. ; 

In 1904 the Commissioners of the North Shore Park District, 
above Chicago, of which Robert W. Vasey was president, engaged 
Mr. H. E. Weed, of Chicago, to treat one hundred and twenty soft 
maples and box-elder trees in their charge, along the boulevards, for 
the destruction of the cottony maple scale. A report of this treat- 
ment by Mr. Weed was printed in Bull. 52 of the U. S. Bureau of 
Entomology. The results of his work were submitted to me for 
examination in August and September, 1904, by Mr. Vasey, who 
sent me leaves from the trees which had been treated with a 12 per 
cent. emulsion. 

The scale insects on these leaves were carefully examined at 
iy office by Mr. Hart, who found that out of 1781 scales 610 were 
alive and 1171 were dead.* Practically all the living scales were on 
the under surface of the leaves, only 1 per cent. of those on the upper 
surface being still alive. The ratio of the dead to the living on these 
leaves was 60 per cent. ; but as it seemed likely that some scales were 
dead before the spray was applied, Mr. Vasey sent me, for com- 
parison, at my request, leaves from infested trees not treated. An 
examination of these untreated leaves showed that 22 per cent. of 
those on the upper surface were dead and 4 per cent. of those on the 
lower surface. Making the necessary correction, it was found that 
57 per cent. of the scales alive when the trees were sprayed had been 
killed by the treatment. The spray thus tested was applied Au- 
gust 20. 

According to Mr. Vasey, the insects had hatched very slowly 
that year, owing to the backward season, but had been in condition 
for treatment with the kerosene spray for some three or four 
weeks preceding. It will be seen, consequently, that the treatment 
was too late to produce the full effect upon the young. Further 
no Jonger bs selds but it rae toned Ie “ving Individuals, whee dlopiacel set eee 
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work showed that a 1g per cent. emulsion was injurious to the tree, 
taking nearly all the leaves from the box-elders and the lindens, and 
half those from the soft maples, In this same year (1904) Mr. S. A. 
Johnson, of the Col. Agricultural Experiment Station, made a num- 
ber of laboratory experiments with the summer treatment of this 
insect, reaching the conclusion that after the young are a week or 
ten days old they are not easily killed by the kerosene emulsion, but 
that before reaching this age they may be effectively treated by 
sprays of as low a strength as 5 per cent. 

The following year (1905) Dr. J. W. Folsom, of the University 
of Illinois, made for me a series of experiments, opportunity for 
which was provided by the courtesy of Mr. O. C. Simonds, Super- 
intendent of Graceland Cemetery. 

A Io per cent. emulsion of kerosene was applied to several trees 
of medium size with the use of a Bordeaux nozzle on an extension- 
pole. A solid stream was first directed against the egg-masses in order 
to loosen and soak them, after which a very fine spray was applied 
as thoroughly as possible to both sides of the leaves. A solution of 
whale-oil soap (one pound to six gallons of water) was applied to 
an eighth tree by the same apparatus and with the same care. 

The effect of the spray was tested by counting both dead and 
living scales on twenty-five leaves picked at random from different 
parts of each tree, one series of counts being made just before the 
spray was applied and another as soon as possible after it had dried 
away and taken effect. Among the trees receiving the Io per cent. 
emulsion of kerosene were one tree sprayed July 3, at the beginning 
‘of the hatching period of the scale, one treated July 11, at about 
the middle of this period, three treated July 19 and 20, at the end 
of the period, and one treated twice, once at the middle and once at 
the end. The tree receiving the soap solution was sprayed July 19— 
that is, at the end of the hatching season. 

Four hundred and eighty-four thousand scales, borne by four 
hundred and fifty leaves from these various trees, were critically 
examined, and classified as either living or dead. The ratio of bene- 
fit—the percentage, that is, of scales actually killed by the spray— 
was determined in all cases by eliminating from the calculation the 
scales dead at the beginning of the experiment, and figuring the per- 
centages only on the number of scales alive when the spray was ap- 
plied. The following table gives the essential data and results of 
these experiments. 
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EFFECTS OF EXPERIMENTAL SUMMER SPRAY. 


Treatment 
Leaves | Scales |Percent. 
Part of |No.of| gy. ex- killed 
Insecticide hatching trees | amined | amined by spray 
_ period 
10 per cent. Kerosene Beginning} 1 15 48,789 33 
10 per cent. Kerosene Middle 1 50 19,425. 64 
10 per cent. Kerosene. End 3 150 281,271 68 
10 per cent. Kerosene Micelle 1 100 57,179 82 
: and end 
1 lb. Whale-oil Soap to End 1 15 71,171 43 
6 gal. water 


From this it will be seen that 75 leaves bearing 49,000 scales 
were examined from the tree sprayed July 3, and that only 33 per 
cent. of the scales on this tree had been killed. In this case a first 
inspection was made ten days after the spray was applied, and a 
second, seven days later. The trees sprayed once July 11—at the 
middle of the hatching period—and from which 50 leaves bearing 
19,000 scales were examined, showed a ratio of benefit of 64 per cent. ; 
that is, 64 per cent. of the scales alive when the spray was applied, 
were dead a few hours later. In other words, by postponing the 
treatment from the 3d to the 11th of the month the effect of it had 
been nearly doubled. A similar but somewhat greater effect was 
produced by single treatments given July 19 and 20, when the 
greater part of the eggs were already hatched, 68 per cent. of the liv- 
ing scales among the 281,000 borne by the 150 leaves examined being 
thus killed. The most effective treatment was a double spraying, 
one application at the middle and the other about the end of the 
hatching period, which, as shown by an examination of 57,000 scales 
from 100 leaves of the tree so treated, killed 82 per cent. of the 
scales alive when the tree was sprayed. ‘That is, the effect of the 
operation had been increased approximately 28 per cent. by the sec- 
ond spraying. 

A comparison of the scales on the two surfaces of the leaves 
showed that the ratio of those killed on the lower surface was only 
72 per cent. that of those killed on the upper surface. This was doubt- 
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less due in part to the fact that the upper surface of the leaf is more 
exposed to the spray than the under, and possibly also in part to the 
inferior vitality of the scales on the more exposed surface of the 
leaf. That there is really such a difference is shown by the differ- 
ence in ratios of dead to living on the two leaf surfaces before the 
trees were sprayed. The general average of all the counts is 3.6 
per cent. of dead on the upper surface of the leaf and 2 per cent. on 
the lower. 

In the tree sprayed July 3 the effect on the scales on the upper 
and the lower parts of the top of the tree was brought into compar- 
ison by examining the scales on 25 leaves from each. ‘Twenty-two 
per cent. of the scales on the upper leaves had been killed and 35 per 
cent. of those on the lower, the ratio of killed being more than half 
as great again for the lower leaves as for the upper. This is doubt- 
less due, at least in part, to the greater and more prolonged effect 
produced on the lower leaves by the drip from the upper part of the 
top. 

We may infer from these experiments that two sprayings with 
a Io per cent. kerosene emulsion, one applied at the middle and the 
other at the end of the hatching period, separated, that is, by an in- 
terval of about ten days, will produce the maximum effect on the scale, 
and that they may be expected to destroy 80 per cent. or more of the 
insects then alive. It should be added that no harm to the tree was 
done by any of these treatments except a slight burning at the edges 
of the leaves of the tree which was twice sprayed. This appearance 
of injury was perhaps due to humid weather which followed the 
first treatment, delaying the evaporation of the kerosene. Two trees 
were treated July 11 with a 10 per cent. kerosene emulsion, at a 
time and place when rain was falling with a result to diminish by 
half the killing effect of the spray. 

The cost of the 10 per cent. emulsion used in these experiments 
was 4.3 cents per gallon, and the trees were large enough to require 
three or four gallons each for a single treatment. ; 

The whale-oil soap solution applied at the end of the hatching 
period had about two thirds the effect of the corresponding kerosene 
treatment, as shown by a comparison of the results of the data 
already given for the latter with those derived from an examination 
of 77,000 scales on 75 leaves taken from the tree treated with the 


former insecticide. 


WIntTER INSECTICIDE MEASURES. 


Winter spraying, when the trees are bare, has the advantage 
that stronger insecticides may be used, and that less than half as 
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much liquid is needed to the tree. On the other hand, the scales are 
now larger and firmer and more resistant to the insecticide than in 
summer. 

The extensive operations against this scale by the Superintend- 
ent of Lincoln Park during the winter of 1905-06 were followed by 
one of my assistants, Mr. E. O. G. Kelly, sent repeatedly to Chicago 
for this purpose. Nearly every tree and shrub in this park infested 
by the maple scale was sprayed under the immediate supervision of 
Mr. R. W. Braucher. Two thousand six hundred and seventy-three 
trees and 4456 shrubs were sprayed, nearly half the trees ranging 
from large to very large, and the remainder from small to medium. 
The materials used in this treatment were 4153 gallons of kerosene 
and 3074 pounds of soap, made up in 20,800 gallons of kerosene 
emulsion. The cost of the latter was approximately 2 cents a gallon. 
With the outfit used, a Fairbanks-Morse power sprayer with double 
“Vermorel” nozzles, it required, on an average, five minutes to spray 
each tree, or an hour for twelve trees. Eight men were employed 
with the outfit, making an average service of forty minutes of one 
man’s time per tree. Six and seven tenths gallons of emulsion were 
applied to the average tree, at a total cost of 43 cents for both ma- 
terials and labor. 

In spraying operations, ladders and long canes were used in or- 
der that all parts of the larger trees might be reached by the spray. 
In the greater part of the work 19 and 20 per cent. emulsions of 
kerosene were applied. To make this up in .200-gallon lots, 20 gal- 
lons of water and 27 to 30 pounds of “Tak-a-nap” soap were placed 
in the mixing tub, and steam was introduced until the soap was dis- 
solved and the solution was boiling hot. Forty gallons of kerosene 
were then slowly pumped into the tub, and the mixture was pumped 
back into itself until the kerosene no longer rose to the surface when 
the pumping ceased. The emulsion was finally diluted by adding 
hot water to make 200 gallons. 

A part of the trees examined were sprayed between December 
26 and January 5, and others January 11 and 1 3 and March 30. 
The effects of the spray were determined by comparing ratios of 
dead and living scales on trees which had been treated, with those 
from others examined at the same time which had received no 
treatment. A determination of the condition of the scales subse- 
quent to treatment was a much more difficult matter at this season 
than during the summer. ‘The dormant insects themselves were 
comparatively large and dense, and changes due to death were pro- 
duced but slowly in the cold midwinter weather. From twenty- 
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seven to forty days actually intervened between the time of spraying 
and the time when the test inspections were made. 

; It will be sufficient to say, without entering into details, that a 
critical examination of 13,000 scales taken from 8 trees showed that 
86 per cent. of them had been killed by a 19 per cent. emulsion; and 
an examination of 23,000 scales taken from 11 trees which had been 
treated with a 20 per cent. emulsion showed that 91 per cent. of these 
had been killed. Seven trees, two of which had been sprayed Janu- 
ary II and five March 30 with emulsions containing from 19 to 24 
per cent. of kerosene, were examined June 10, 49,000 scales in all 
being. counted, with the result to show that in this case, also, 91 
per cent. of those alive when the treatment was applied had been 
killed by the emulsion. The trees covered by these observations 
’ were soft maples, lindens, and honey-locusts, but as the percentages 
of benefit do not differ materially for these different species they 
need not be separately given. The following table summarizes 
these data. 


Per cent.| Date of 
When sprayed of count- Scales Repent 
kerosene| ing counted aed 
December 26 to January 5 19 |Feb.1 .| 12,703 86 
January 11 to 13 20 |Feb. 1-2| 23,061 91 
January 11 to 13 and March 30 19-24 [June 10 | 48,395 91 


Injury To TREES. 


As one of the results of an examination of trees previously 
sprayed, made by my inspector June 11 to 13, he reported so serious a 
damage to some of the trees as to cast doubt on the safety of the kero- 
sene spray. At Graceland Cemetery, for example, some soft maples 
had received during the winter an experimental treatment with a 25 
per cent. kerosene emulsion, evidently prepared in the usual way, and. 
all these trees were in a conspicuously poor condition, with foliage 
thin, pale, and shriveled, while that of unsprayed trees among them 
was heavy and dark green. Many of the trees in Lincoln Park on 
which an emulsion containing 19 or 20 per cent. of kerosene had 
been used, presented the appearance of a similar, although less seri- 
ous, injury. A few, indeed, were dead, and dead branches were 
more numerous on others than usual. 

After a study of the report of my own inspector, Mr. E. O. G. 
Kelly, on the condition of these trees last June, and a full and care- 
ful report on the same subject made to Superintendent Warder by 
Mr. R. W. Braucher, in charge of the spraying operation, and an 
examination of comparative photographs, made under Mr. Brauch- 
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er’s direction, of trees of various species—some of which had been 
sprayed and others of which had not—it seems to me clear that 
many of these trees were already in a more or less enfeebled state 
owing to the light and sandy soil and other unfavorable conditions 
affecting their growth, that many treated trees had been further 
greatly weakened by heavy and continuous infestation by the maple 
scale, and that the consequences had been in some cases intensi- 
fied by the action of the kerosene. This is especially suggested by 
the fact that trees seemingly most injured but not actually killed, 
presented the same general appearance—though in a more marked 
degree—as many of those which had not been sprayed at all. Pre- 
cise and extensive experiments, the results of which may be brought 
into strict comparison, are needed to show the strength and the 
amount of the emulsion which it is safe to use under various con- 
ditions and on various kinds of trees. 

In the meantime, in view of the fact that the thorough spraying 
of the top of a tall tree in winter requires a large amount of kero- 
sene emulsion, much of which must fall to the earth, and the further 
well-known fact that fruit-trees may be severely injured, and even 
killed, by kerosene in the earth about their roots, it will be prudent 
to protect the ground where this insecticide is used by some imper- 
vious or absorbent covering, such as a sheet of canvas or a layer of 
straw, the latter afterwards to be removed. Kerosene will, in fact, 
remain effective in the ground for a surprising time, and this fact 
is the basis of one of its most important uses as a subterranean in- 
secticide.* Thousands of fruit-trees have been destroyed within my 
own knowledge, by its careful use under the supervision of expert 
_operators, where orchards were undergoing treatment for the San 
Jose scale. 

Experiments already referred to, made at Denver, Col., by Mr. 
S. A. Johnson, resulted in a way to indicate-that weaker emulsions 


than those used in Chicago may be depended on to destroy the maple 
scale, as shown by the following table. 


Percentage of emulsion| 10 | 12 | 12%] 17 | 20 | 25 | 33 | 50 
November, 1903 88 88 100 00 
February, 1904 69 94 99 98 100 | 100 


*The most notable instance of this persistence of kerosene in the earth which has 
‘ come 
Sony: knowledge is reported to me by Professor T. J. Burrill, of the University of Illinois, 
wy on im company with Prof.J, C. Blair, of the Horticultural Department, once lightly sponged 
cue Loa of a pear-tree with pure kerosene as an experiment. ERcthine unusual was noticed 
une rs Led but the second year the tree was seen to be unthrifty, and the third year it was 
peor en dug up to learn the cause of its death, the odor of kerosene was still distinct and 
a g in the earth among its roots, and especially in the bark about the base of the trunk. 
e surplus which had run down the surface of the bark and sunk into the soil had remained 


all this time, acting, no di 
ee at ting, oubt, continuously upon the rootsand on the bark of the trunk ina 


1907.) THE COTTONY MAPLE SCALE IN ILLINOIS. 357 


On the strength of these experiments Mr. Johnson recommends 
an emulsion one sixth of which is kerosene. ‘Trees treated with an 
emulsion of this strength in the winter of 1904-05 were nearly free 
from scales the following July, and in January, 1906, only scatter- 
ing specimens could be found. In view, however, of the difference 
in climate and the absence of data as to parasitism, these results 
should not be regarded as conclusive for Illinois. 


Insect ENEMIES. 


It is to the insect enemies of the scale rather than to any human 
agency that the escape of our soft maple trees from complete de- 
struction has hitherto been due. Probably the most effective enemy 


Fic.6. Coccophagus lecanii, adult chalcid parasite of the cottony maple scale. 
e Length, less than yzinch. (J.B. Smith.) 


is a minute black four-winged fly (Coccophagus lecanu, Fig. 6) 
which lays its eggs in the bodies of the young scales. The resulting 
larva lives as an internal parasite of the insect, develops to the adult, 
and emerges through a rounded hole cut in the back of the scale. Suc- 
cessive generations follow, and the scale population of a heavily in- 
fested tree may be almost completely destroyed in a single season 
by the parasite. Scales killed by it may be readily recognized by 
the hole in the back, and by their smaller size as compared with 
living individuals. Several other related species are known to infest 
this scale to a less degree. 
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A conspicuous and very efficient 
enemy is a small hemispherical lady- 
bug (Hyperaspis binotata, Fig. 7) 
about an eighth of an inch long, jet- 
black, with a small dark-red spot on 
each side of the middle. It is often 
seen on the leaves of infested trees 
and on plants beneath. The white 
thick-bodied larve of this species 

Fic.7. A Ladybug, Hyperaspis bino- (Fig. 7) d), which feed on the eggs 
ioe oes ae woes meen, ot Me Stale; imay olen De A0nud 
of adult, Aduit about %as long as CHi- buried in the egg-mass or crawling 
locorus bivulnerus, similarly colored; : 
ae about on the twigs. T he pupa of 

this ladybug is formed within the 
cottony egg-mass, and soon changes to the adult, The beetles pass 
the winter wherever they may find shelter about the tree or on the 
ground beneath. The larger but similarly-colored “twice-stabbed 
ladybug” (Chilocorus bivulnerus, Fig. 8), with its black spiny 
larva, also destroys many maple scales. 


. 9 


Fie. 8. A Lady Dag, Chilocorus bivulnerus, larva, pupa, and adult, enemy of cottony 


maplescale. Natural size indicated at right; color black, adult with two red spots. 
(Comstock, U.S. Department of ‘Apriculiured” : : P 


SUMMARY. 


1. Injuries by the cottony maple scale are commonly periodical. 
A period of destructive abundance and following scarcity extends, 
on an average, over eight or ten years, the disappearance: of the in- 
sect being apparently due in the main to depredations by its insect 
enemies. —_ 

2. A partial exception to the foregoing statement is presented by 
the existing outbreak in northeastern Illinois, and especially in Chi- 
cago, where the maple scale has continued injurious for at least six 


years, and gives no marked present evidence of a general decline in 
numbers. 


Box-ELpER TREES, NOT SPRAYED. PHOTOGRAPHED Junge 23. Wrak 
TREES WITH MANY DEAD BRANCHES. 


PuaTe 3. 
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3. The area injuriously infested by this insect in Illinois last 
year covers parts of at least fifteen counties, distributed throughout 
the state from the Wisconsin line to Marion county. 

4. The chief food plant is the soft maple, but linden and box- 
elder are almost equally liable to infestation. The elm and the 
honey-locust are the principal other ornamental trees subject to 
serious injury. 7 

5. There is but one generation of this insect each year. The fe- 
males pass the winter partly grown on the twigs of trees, and pro- 
duce eggs in late May or in June, according to'the latitude and the 
weather of the season. These eggs hatch in June and July, the 
young insects establishing themselves for the summer on the leaves 
or twigs, from which they suck the sap. The males emerge as 
winged insects, and perish at the approach of winter. The females 
at that time collect on the twigs and smaller branches for hibernation. 

6. The most useful insecticide is kerosene emulsion, which, if 
used in summer, should not contain more than 10, or possibly 12%, 
per cent. of kerosene, and, if used in winter, not more than 16 to 18 
per cent. As a summer spray this emulsion must be used twice in 
succession, with a ten-day interval between sprayings. The first 
application must be made when about half the eggs are hatched, and 
the second at about the end of the hatching period. Two treatments 
with Io per cent. kerosene, applied to badly infested trees in Chi- 
cago, the first July 11 and the second July 20, 1905, destroyed 82 
per cent. of the scales; a single treatment July 11 destroyed 64 per 
cent.; and one July 19, 68 per cent. A similar treatment July 3, 
on the other hand, killed but 33 per cent. of the insects. 

7. A single treatment in winter with a Ig or 20 per cent. emul- 
sion destroyed more scales than two summer treatments with a Io 
per cent. emulsion, the percentages of killed varying from 86 to 
QI per cent. 

8. Where large trees weakened by unfavorable conditions or by 
insect attack are treated with strong emulsions in winter, they are 
liable to injury by a penetration of the kerosene to the roots. Such. 
trees should be protected, consequently, by covering the earth be- 
neath the trees with sheets of canvas or layers of straw, or some 
similar absorbent substance. . 

g. Kerosené emulsion is made as follows: Dissolve one pound 
of common soap, or half a pound of whale-oil soap, in one gallon of 
water by boiling, remove from the fire, and add two gallons of kero- 
sene. ‘Then with a spray pump force the mixture back into itself 
for about five minutes, or until it presents the appearance of a thick 
cream and no longer separates on standing. This is the undiluted 
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emulsion. For a mixture containing 10 per cent. of kerosene, add 
seventeen gallons of water to the three gallons thus prepared. For 
an 18 per cent. kerosene emulsion, add eight gallons of water to the 
stock solution. Soft water is to be preferred. 

10. The principal insect enemies of the cottony maple scale are 
minute winged parasites which lay their eggs within the bodies of 
the female parents; and hemispherical shining black ladybugs, each 
with two red spots on the back, the larvee of which devour the eggs 
in spring within the cottony masses beneath the female body. 
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In the never-ending contest against insect foes 
the nurseryman and landscape gardener are no 


om oe more exempt than men in other branches of 
see agriculture and horticulture. They suffer from 
New York. 


many of the enemies of the fruit-grower and of 
the florist and have, beside, a few troublesome 
pests of their own. Among the latest of these to attract atten- 
tion in this State is a borer, the larva of a curculio, Crypto- 
rhynchus lapathi, that injures poplars and willows both in the 
nursery and as mature trees. 

This is not really a new pest, since it was described by Linnaeus 
nearly a century and a half ago and has been noted in Europe as 
a foe to the forests for seventy-five years. It is, though, of com- 
paratively recent occurrence in America, being first discovered 
near New York City in 1882. It later became quite destructive 
in some parts of New Jersey and Massachusetts, but did little 
damage in western New York until about five years ago. 

In 1902 some blocks of poplars and willows in 

Extent nurseries near Rochester were so badly injured 

of by the insect that some of the growers thought of 

injury. abandoning the culture of these trees. Since 

that time the annual loss in many nurseries has 

been not less than 10 per ct. of the trees, and occasionally the 
entire planting has been ruined. 

The insect has spread quite rapidly in this section of the State 
because of the great number of lakes, canals and small streams 
that are everywhere bordered with willows. These native wil- 
lows have often become so badly affected that many of them will 
ultimately die as a result of the injury. From these trees the 

* This is a brief review of Bulletin No. 281 of this station, on the Poplar 
and Willow Borer, by W. J. Schoene. Any one interested in the detailed ac- 
count of the investigations will be furnished, on application, with a copy of 
the complete bulletin. The names of those who so request will be placed on 
the mailing list to receive future bulletins of the Station, popular or complete 


as desired. Bulletins are issued at irregular intervals, as investigations are 
completed, not monthly. , 


insect has reached the ornamental willows in the cities and culti- 

vated willows and poplars in near-by nurseries; so that it is now 

well established in many localities. The industry of growing 

poplars and willows is seriously threatened, as well as the useful- 

ness and beauty of trees already mature. 

While willows and poplars are not among the 

Willows most prized of our trees, they serve useful purposes 

and and are well worthy of preservation. The willows 

poplars add much to the beauty of our lakes and streams, 

of value. they make the best soil binders for such situa- 

tions, and the ornamental species are almost in- 

dispensable in cemeteries and parks. They have, as well, no in- 

considerable commercial value in some sections, where their 
growth for basket making is an important industry. 

The poplars, on account of their hardiness and rapid growth, 
are invaluable as shade trees in newly planted suburbs; and some 
kinds, like the Lombardy poplar and “quaking aspen’’ fill places 
in landscape gardening for which there are no satisfactory sub- 
stitutes. 

The poplar and willow borer attacks practically 

Study all the species of poplars, willows and alders; 

of insect and has also been found in red birch and dwarf 

begun. birch. The importance of these trees and the 

rapid spread of the insect made a study of it 

necessary, in order, if possible, to develop methods for its control. 

From this study the life history of the beetle has 

Life been worked out and is substantially as follows: 

stages. While engaged in its most destructive work the 

pest is in its immature, or larval, stage; and is 

a soft, plump, fleshy, footless grub about a quarter of an inch in 

length when full grown. It is pale yellow in color, with head 

light brown and mouth parts dark brown tipped with black. 

This grub hatches late in August or in September from a small, 

yellowish-white egg that has been deposited about 15 or 20 days 

before, in some corky portion of the wood near a bud or branch, 

in the over-growths caused by pruning, or in‘ any cut or break 
in the bark. 

The tiny grub bores into the stems or branches and feeds upon 
the tender, succulent tissue just beneath the bark, the cambium 
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layer. It may remain in one place, making a flat, irregular- 
shaped chamber or channel; but more often the tunnel extends 
around the branch or stem nearly or quite girdling it. Frequently, 
stems are so well inhabited that they are fairly honeycombed by 
tunnels. The larva works in the tunnels just beneath the bark 
until nearly ready to pupate, when it bores at an angle into the 
wood until the heart is reached. Here the little larva turns 
head downward and changes to a pupa. While the grub 
is tunneling, the chips, splinters, excrement of the larva and the 
exuded sap of the tree are forced out of the mouth of the tunnel; 
and these exudations enable the observer to tell in which part of 
the stem the insect is working. When the larva is busy in the 
cambium layer, these castings are brown or black and the splinters 
they contain are very fine; but the matter thrown out when the 
heart wood is reached is clean, usually white, and contains longer, 
thicker splinters than that from the sap wood. The pupa at 
first. differs little from the larva, but wings and legs gradually 
develop, and in about two weeks the adult insect emerges, a 
beetle very similar in appearance to the ordinary plum curculio. 
The beetle is dull black in color but marked with whitish scales 
on the rear third of the wing covers, on part of the thighs and 
beneath the front part of the body. These collections of scales 
give the appearance of whitish spots or bands on these parts of 
the insect. The beetles are sluggish, walking rather than running, 
and depending for safety on the curculio habit of dropping to the 
ground when disturbed, where they remain motionless and with 
legs curled up close to the body. 
Practically all the beetles will have emerged by 
Feeding _the last of July, so they are most numerous during 
habits of this month and August; but all do not die until 
beetle. well along in the fall. They are voracious 
feeders, puncturing the bark in numerous places 
and eating the tender tissue beneath. For the first ten days 
they feed on the one-year-old branches ; and one observation 
seems to show that such wood is a necessity for them at this time. 
Beetles developed in a breeding cage, in which there was only the 
old wood from which they had emerged, appeared dead after 
two or three days, but revived when put on a diet of young twigs. 
This is probably the ripening period for egg laying and this new 
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wood may be a necessity for egg formation. No eggs are laid at 
this time, nor are the eggs ever laid in new wood. After feeding 
for ten days or two weeks on the new wood, the beetles mate and 
the females go to the old wood to deposit their eggs. If confined 
on young twigs when it is time to lay eggs, the beetles riddle the 
bark with punctures, but will not place the eggs in the holes. 
This peculiarity of the insect in laying eggs only in old wood is 
brought out clearly by 4 common nursery practice. A cutting 
of one year wood is rooted and allowed to grow from one bud. 
The following year this shoot and the tap root are pruned and the 
stock replanted. At the end of another year this is called a one- 
year-old tree, though it may have six or eight inches of two-year- 
old wood above ground. If such trees are infested, as they 
frequently are, the eggs are invariably inserted in this short sec- 
tion of old wood. 
Since the larvae spend their entire lives beneath 
How the bark and eat parts of the plant that we can 
control not reach with poison, there is but little hope of 
the pest control through the use of such materials. It was 
thought possible that something might be accom- 
plished by the use of contact sprays; so several applications of 
such sprays were made, mostly of lime, kerosene and arsenic in 
combination. These were applied in the winter in the hope of 
suffocating the hibernating larvae, but in no case was there any 
appreciable effect. 

Failure of these remedies leaves but one thing to be done 
against the larvae; that is to cut out and burn the infested parts 
in June, before the beetles emerge but while they are actively at 
work and reveal their presence by the collections at the mouths 
of the tunnels. When only a few trees are infested this method 
is not difficult to apply and gives quite effective control. 

The vulnerable point in the life history of the insect is the feeding 
of the beetles. Since, to get at their favorite food, the cambium, 
they must eat holes in the bark, the use of a coating of poison upon 
‘the young twigs promised some relief. To test this quite extensive 
“laboratory”’ tests were made, with excellent results; but oppor- 
tunity has not yet been given to apply the same method in actual 
field work. However, it seems probable that the spraying of 
nursery blocks with poison will be both effectual and inexpensive. 
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The tests made in 1905 and their results were as 
Tests follows: (1) Of three pairs of beetles confined 
with by mosquito netting on the branch of a poplar 
poison. tree that had been sprayed with paris green, 
all died within 6 days. (2) Eight pairs of beetles 
were confined on each of two poplar trees in a nursery row, the 
tops of the trees having been headed in and sprayed with arsenate 
of lead. In 6 days, twenty of the thirty-two beetles were 
dead, and there was only a little puncturing of the bark. (3) 
Forty beetles were similarly confined on two trees that had been 
sprayed twenty days before with arsenate of lead. Though 
much of the poison had apparently washed off, all but one of the 
40 beetles died within three weeks. (4) As a check upon these 
experiments, 26 beetles were confined on several unsprayed trees, 
as it was thought that possibly confinement might destroy the 
beetles. All but three of these insects were alive at the end of 
four weeks and the bark of each tree was badly punctured. 

Similar tests made in 1906 resulted in the death, within two 
weeks, of forty beetles confined on trees sprayed some time pre- 
viously; while only four beetles out of twenty confined on an 
unsprayed tree died in that time. ‘ 

It was unmistakably the poison and not the confinement that 
killed the beetles. But it was barely possible that if not con- 
fined the beetles would avoid the poison and seek unsprayed 
trees; so a test was made to cover this point also. Fifteen beetles 
were placed in each of three glass jars, with an abundance of 
food in each. In the first jar all the twigs were sprayed with 
poison, in the second only half were sprayed and in the third 
none were sprayed. The beetles in the second jar evidently did 
not avoid the poison, for all but one died within a week, as was 
the case with those in the first jar. In the jar containing un- 
sprayed twigs thirteen of the fifteen beetles were alive at the end 
of the week. 

From these tests it seems quite conclusively proven (1) that a 
poison spray mixture remains for some considerable time on 
nursery poplar trees, (2) that the beetles feed readily on such 
poisoned trees and (3) that the poison is quite effective against 
the insects. 

Other tests and observations show that the beetles do not 
travel far nor leave an abundant supply of food. None have ever 


been seen to fly, nor were any of them caught at trap lanterns set 
in nursery blocks where they were numerous. Many marked 
beetles were liberated within fifty yards of a block of poplar trees 
but none of them were ever found on the trees. 

It seems convincingly proven that any successful treatment of 
a nursery block of trees need not be repeated because of the 
migration of beetles from neighboring blocks that are one hundred 
yards or more distant. — 

The Station would accordingly recommend, ex- 

Summarized perimentally, the treatment of poplar and willow 

directions for trees, in nurseries in localities where the beetles 
treatment. are abundant, with a poison spray. The poison 
should be combined with bordeaux mixture as 
such a combination will protect the trees against many fungus 
diseases and various other insects. An application of such 
a mixture of bordeaux with 3 pounds of arsenate of lead to 
each 50 gallons can be made on nursery blocks of two-year- 
old poplars at an expense of one-fourth of a cent a tree. 
The application should be made about July 15, since the 
beetles are most numerous after that time. As further remedial 
measures, new blocks of poplar and willow should be set at some 
considerable distance, say one hundred yards, away from blocks 
of older trees. Nurserymen should, as far as practicable, dispose 
of stock before it is three years old, as the infestation is liable to 
gain very rapidly in the second and third years. Badly injured 
or unsalable trees and brush left from pruning should be removed 
and burned, as should also any infested willows along creeks, 
ditches or swampy places near the nurseries, as these make excel- 
lent breeding grounds for the pest. 

When a few trees or a plantation is slightly infested, the infested 
trees or branches should be removed and burned in June, before 
the beetles emerge. 

If willows or poplars planted for windbreaks, or screens, or 
holders of the soil, should become so badly injured as to impair 
their beauty, it is advisable to dig out and burn the infested trees 
during the winter or spring, and to replant. with some other kind 
of a tree. The silver maple and Weir’s cut-leaved maple are 


recommended for this purpose, as they are said to grow well in 
damp localities. 
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I. THE COTTONWOOD LEAF-BEETLE. 
II. GREEN ARSENITE. 


SUMMARY. 


During the past four years the growers of basket- 
willows in central New York have suffered serious 
loss from the depredations of the cottonwood leaf- 
beetle. 


In both the larval and the mature stages, the in- 
sect attacks the willows, feeding upon the young leaves 
and tender bark near the tips. This injury to the tips 
causes the willow ‘‘ whips’’ to branch, thus rendering 
them worthless for basket-making purposes. 


It lives above ground during all of its transforma- 
tions. The eggs are laid upon the leaves and 
the larvee feed upon the more tender tissues. The 
pupz are attached to the under sides of the leaves or 
to the bark. The mature insects, beetles, are active 
and fly readily from one field to another. The winter is 
passed in the adult stage, the beetles seeking shelter 
under stones, logs or any convenient rubbish. 


On the experimental field the willows were success- 
fully protected by three applications of green arsenite, 
I pound to 100 gallons of water. 
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Green arsenite is a simple arsenite of copper similar 
in texture and chemical composition to Scheele’s 
green. It is as poisonous as Paris green, is cheaper 
to manufacture, and is an impalpable powder instead of 
crystalline, hence it will remain suspended in water 
longer than ordinary Paris green thus insuring a 
more even application to the foliage. It should be 
used with lime in the same manner as Paris green. 


THE COTTONWOOD LEAF-BEETLE. 


Lina scripta Fab. 


INTRODUCTION. 


The industry of growing basket-willows in central New York 
has been seriously handicapped by an insect known among wil- 
low growers as the ‘‘willow beetle,’ but among writers on 
economic entomology as the cottonwood leaf-beetle. It is a 
species which, previous to 1894, attracted but little attention in 
the east, although it has long been known as a serious pest to 
cottonwood in the middle and western states. Since the winter 
of 1893-94 this insect has been very abundant in this State, 
especially in Onondaga County, doing great damage in the willow 
fields about Syracuse and Liverpool. 

The investigations and experiments reported in this Bulletin 
were undertaken at the urgent request of some of the leading 
willow-growers of the State. The life-history and habits of the 
insect were studied only during the several visits made to theinfested 
fields as no suitable place for breeding the beetles at or near the 
Station was available. The experiments cover a period of two 
years and were undertaken with a view to determining, if possible, 
a satisfactory method of protecting the willows from serious injury 
by this insect. 


GENERAL NOTES UPON THE BEETLE. 


CLASSIFICATION AND NAME. 


This species is classified with the large and economically import- 
ant group of beetles scientifically known as the Chrysomelide. 
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This group includes the leaf-eating beetles and among them are 
found some of the most pernicious of the insect pests. 

Probably because this insect first attracted most attention as an 
enemy to the cottonwood, it was given the name of ‘‘ Cottonwood 
Leaf-beetle’’ or the ‘‘Streaked Cottonwood Leaf-Beetle.’’ In 
this State, however, it is little known excepting as a pest to basket- 
willows and hence is known among willow growers as the ‘‘ Willow 
Beetle” or incorrectly ‘The Willow Bug.’’ The scientific name, 
‘* Lina scripta’’* was given the species by Fabricius. 


ECONOMIC IMPORTANCE. 


Fortunately this insect does not have a wide range of food 
plants or it would doubtless have become of much more economic 
importance than it is. Where cottonwoods, poplars or willows 
are extensively grown, however, it may become a very serious 
pest. In the Dakotas, Nebraska, Kansas and Missouri, the 
insects appear in great numbers, stripping the leaves from large 
areas of these trees thus causing serious injury throughout the 
districts where trees of this kind are valued for timber. 

In this State the insect is a serious pest to one of the small, but 
important industries. Probably the greatest injury was during 
1894 and 1895. In Onondaga County where basket-willows are 
extensively grown, from half to three-fourths of the crop was 
rendered worthless. In the vicinity of Liverpool alone, the crop 
was estimated to be about 1,200 tons less in 1895 than in 1894, 
the shortage being caused by the beetles. As a further example 
one farmer near Liverpool who grows 20 acres of willows, which 
yield under ordinary circumstances about 5 tons per acre, bringing 
from $16.00 to $40.00 per ton, harvested in 1894 only about $200 
worth of marketable willows, and the following year his returns 
were but little better. This is but one of many cases of the kind 
that might be mentioned to show the serious injury which this 


insect is capable of doing. Fortunately the beetles were somewhat 
less abundant during 1896 and 1897. 


"Identified by Mr. E. A. Schwarz, 


IMPORTANCE AS A PEST TO NURSERY STOCK. 


As a rule the cottonwood leaf-beetle does but little injury in the 
nursery, especially in the east. There have been a few instances, 
however, where the beetles have appeared in eastern nurseries in 
sufficient numbers to do serious injury. One of the most important 
of these is recorded in /nsect Life? by Mr. Thos. B. Meehan who 
states that the ‘‘ willow beetle ’’ did serious injury in his nursery 
at Germantown, during the spring of 1887, to Carolina poplars 
and Kilmarnock and New American willows. 

In this State, the only instance of injury to nursery stock by 
this insect which has come under the writer’s notice was in the 
nurseries of the Smiths & Powell Co., of Syracuse. In 1895 and 
1896 the beetles did serious injury in a few blocks of Carolina and 
Norway poplars. They were especially injurious during the 
spring of 1896, threatening to ruin all of the Norway and Carolina 
poplars in this nursery. 


HISTORY AND PRESENT DISTRIBUTION. 


The original home of the cottonwood leaf-beetle is not pos- 
itively known. 

In this country, it did not attract much attention until about 
1876. In 1877 and 1878 the beetles did serious injury to cotton- 
wood in the prairie states, especially Dakota, Kansas and Nebraska, 
where the cottonwood is valued for both ornamental and commer- 
cial purposes. In 1884 the cottonwoods in these sections were 
again seriously injured by the beetles which, it is said appeared in 
swarms, quickly stripping the trees of their leaves. 

On the authority of Dr. C. V. Riley? the habit of feeding on cotton- 
wood was acquired loag after the species was known as a pest to 
willows and he suggests that ‘‘a special cottonwood feeding race 
of the species has of late years been developed.’ 

The cottonwood leaf-beetle occurs throughout the United 


it boa ; 
3U. S. Dept. Agr. Aun. Rpt. 1884: 337; reprint from article in N. Y. 
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States, and according to Mr. EK. A. Schwarz in a recent letter to the 
writer, is found as far south as the City of Mexico. It is best 
known as an injurious species along the Mississippi Valley. 

In this State it is little known outside the willow-growing dis- 
tricts. It first attracted the attention of the willow-grow- 
ers in 1875 when more than 50 acres of willows in Onondaga 
County were practically destroyed. From that time until 1893 
the beetles did not appear in sufficient numbers to do serious 
injury. In the spring of 1894 the beetles appeared in swarms 
throughout the willow-growing sections of the central part of 
the State, greatly reducing the yield of marketable willows. 
During 1895 and 1896 there was no apparent decrease in the num- 
ber of beetles and the injury to the willows was not lessened. In 
1897 the beetles were somewhat less numerous, but still sufficiently 
abundant to do great injury to the willows. 

Although widely distributed throughout the State, the dis- 
tribution of the species as a seriously injurious pest is practically 
limited by Oneida, Madison, Onondaga and Cayuga Counties. 
Although basket-willows are grown commercially in at least eight 
counties west of Cayuga, the beetles have not been found in suf- 
ficient numbers to do serious injury. 


FOOD PLANTS. 


The principal food plants of this species are willow and cotton- 
wood, It has also been found upon the box-elder. 


HOW THE WILLOWS ARE INJURED. 


The nature of the injury caused by the beetles will doubtless 
be better understood after a brief explanation of the method of 
growing basket-willows. The principal species cultivated is the 
European osier, Salix viminalis. As previously stated by Dr. 
Lintner‘ the willows are propagated by cuttings. These cut- 
tings are nine inches in length and are set six inches into the 
ground, and about fourteen or fifteen inches apart in rows about 
three feet apart. The young willows grow rapidly, a good growth 


4New York State Entomologist Rept, 1895 : 185. 


PLATE I. 


PLATE II. 


PratTe III. 
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averaging from five to six and one-half feet in a season. They 
are large enough to cut the second year, but produce only about 
two tons per acre, and may continue to yield good crops for from 
ten to fifteen years. By November the willow-whips are ready 
to cut, the old stubs being left to produce the next year’s crop. 

It is the object of the grower to produce a tall, straight but 
flexible growth about one-eighth of an inch in diameter at base, 
and measuring from five to nine feet in height. The injury 
caused by the beetles is not so much the weakening of the plant 
by loss of foliage as by the branching of the willow-whips which 
results from the injury to the rapidly growing tips. The beetles 
which have lived over winter are astir early in May and feed for 
two or three weeks. They attack the young willows vigorously, 
feeding largely on the new growth, thus causing the tips to wilt 
and die. Frequently the entire tip is eaten off. In this manner 
irreparable injury is caused at the beginning of the season. 
Plate I is from a photograph showing a bunch of young willows 
with injured tips. Plate II is from a photograph of a normal 
willow. whip and one which was injured early in the season in a 
manner similar to those shown at PlateI. At a@ the willow was 
eaten off or sufficiently to stop the growth, thus resulting in the 
sprouts and consequent worthless willows as these sprouts never — 
become long enough for basket-making purposes. The uninjured 
willow is shown on the left. 

The injurious work begun by the beetles is continued by the 
larvee and adults of the next brood, and as these are much more 
numerous and appear at a time when the willows are growing at 
their best, the injury is much greater. 


Io 


DESCRIPTIVE DETAILS. 
DESCRIPTIONS AND LIFE-HISTORY. 


Appearance in the spring.—The beetles which have lived over 
winter come forth from their retreats during the latter part of 
April or early in May. In the vicinity of Syracuse they are 
usually first seen from the first to the tenth of May. As pre- 
viously stated the beetles feed voraciously on the new growth, 
preferring the tender bark, but also feeding upon the leaves, and 
frequently devouring the youag shoots before they have fairly 
started. ; : 

The egg.—Egg-laying begins about the tenth to the fifteenth of 
May and may continue for a week or more. The eggs are 
deposited in groups, usually on the under surface of the willow 
leaves, but they were frequently found upon blades of grass or 
leaves of weeds growing in the willow rows. Each egg is firmly 
fastened on end to the leaf and usually in a slightly slanting posi- 
tion as shown at Plate III, on the left of fig. 1. These groups 
vary in the number of eggs contained. In about fifteen examined 
the number varied from 25 to 52. Theaverage number is about 45. 

The eggs are light lemon-yellow in color turning to a deep 
salmon just before hatching. They are’elongate-oval in outline 
and vary in size from 1.35 mm. by 0.63 mm. to1.47 mm. by 
0.84 mm. The shell is smooth, thick and leathery. 

Period of incubation.—The period of incubation is usually 
from ten days totwo weeks. This was the period for 1894, 1895 
and 1896. Last spring was an exception as few of the eggs 
hatched within twenty days. 

The larva,—When first hatched the larvee measure from 1.05 
mm. to 1.11 mm. in length. The diameter of the head is 0.6 
mm. and that of the body 0.54 mm. on the anterior half taper- 
ing to 0.21 mm, at the last abdominal segment. The entire body 
is black or very dark brown. When full grown they measure, on 
an average, about 8mm. inlength. The width of the head is 0.75 
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mm, and of the body, on the anterior half, 2.5 mm. tapering to 
about 0.6 mm. on the last abdominal segment. The body is of 
a dirty yellowish color, the head a dark brown and the legs black. 
A double row of dark brown spots, two on each segment, extends 
along the upper surface of the abdomen. In a line with these is: 
a row of black tubercles on each side which, when the insect is 
disturbed, emit drops of white milky fluid, of a strong pungent 
odor, which may be drawn back when the threatened danger is 
past. Two tubercles, nearly white with dark colored tips, are 
conspicuous on the lateral margins of the first two abdominal seg- 
ments. At the tip of the abdomen is a disc covered with a sticky 
substance which is used both as an aidin crawling about and to 
hold to the support when necessary. This is especially true with 
the newly hatched larve. Its chief office, however, appears to 
be asa means of attaching the larve to the leaf when about to 
pupate and to hold the suspended pupa until the beetle emerges. 
The larvee are mature in about two weeks. 

Habits of the larva.—The newly hatched larve remain fora 
few hours crawling about over the empty egg shells, but soon 
settle down in the immediate vicinity and begin gnawing through 
the epidermis to feed on the soft tissues beneath. They feed side 
by side for three or four days, finally separating to feed independ- 
ently on different parts of the leaf. As they grow older and 
stronger they devour the entire leaf with the exception of the 
midrib and larger veins. Plate IIT, fig. 1. 

In several cases under observation the eggs had been placed on 
old leaves and the young larvz, not finding tender food, migrated 
to the tips of the shoots to feed on the tender leaves and bark 
thus causing the same injury as the beetles. 

The larvz are full grown in from ten to fifteen days and, after 
remaining comparatively inactive for a day or two, prepare for 
pupation. Plate III, fig. 2, is from a photograph of a larva, 
natural size, and enlarged. 

Pupation.—Pupation takes place above ground. -When about 
to pupate, the larva attaches itself to the leaf by means of the 
sticky disc at the tip of the abdomen and allows its body to hang 
down. The head is gradually bent forward and the legs drawn 
up to the body. The transformation from the larva to the pupa 
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takes place in a few hours. The pupa is retained in the larva 
skin. 

The pupa. —The pupze are familiarly known among the willow 
pupated growers as “‘ hangers.” Usually all of the first brood have 
by June ro. The pupz are attached promiscously to the under 
surfaces of the leaves, usually uponthe upper half of the willow 
or upon blades of grass or weeds growing in the willow rows. They 
are shining black on the anterior half and dark brown on the pos- 
terior. They vary in length but measure on the average, when 
first formed, about 9 mm. and are about one-third as broad on 
the anterior half, tapering from the middle to the posterior 
extremity. Plate III, figs. 3 and 4. 

As the time approaches for the mature insect to come forth, the 
outline of the pupa becomes more distinct. The posterior half 
which becomes an empty skin, shrivels and the true pupa stands 
out prominently. It is oval in outline, more or less obtusely 
rounded at each end, and measures about 6 mm. by 3.5mm. The 
pupa stage lasts from ten days to two weeks. 

The mature insect.—The mature insects, beetles, vary in length 
from 5 mm. to 8 mm. and are a little more than half as broad as 
long. The general color is black and gold above and dark metal- 
lic green beneath. The head and thorax are black, the latter 
having broad lateral margins of brick red partially interrupted at 
the middle by a more or less distinct black mark. The elytra 
are marked with black and gold, the black being in three inter- 
rupted longitudinal lines on each elytron. The lateral and pos- 
terior margins are brick red. The inner margins are black and 
when the elytra are at rest form a broad, median line of black. 
The other markings on the elytra vary. In some individuals the 
gold predominates, while in others the black is more prominent. 

The legs are brick red and black, the former color usually pre- 
vailing on the posterior third of the femur and the anterior two- 
thirds of the tibia. The tarsi are marked more or less regularly 
with brick red and black. Plate III, fig. 5, is from a photograph 
showing the mature insect natural size and enlarged. 

The beetles or ‘‘hard shells’? as they are commonly known 
among willow-growers, are most numerous on the willows, about 
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Syracuse, from the middle or latter part of June until the second 
or third week in July. During this time the willows grow rapidly, 
about three feet being a fair growth, and as the beetles feed vora- 
ciously on the tender leaves and bark at the tips of the willow- 
whips irreparable injury is done by causing them to branch 
as previously explained. 

Fiibernation.—By the first of August nearly all the beetles 
have left the willows and sought shelter in any convenient 
place. In the fields about Syracuse they could occasionally be 
found under stones but were more numerous under logs, 
under bark on trees and in the crevices in fence rails. In willow 
fields which have not been kept free from weeds and grass, the 
beetles find shelter down close to the roots or in the stools of 
grass. In these retreats they remain until the following spring. 


NUMBER OF BROODS. 


There are probably two broods and possibly three, but this 
point has not been satisfactorily settled. The writer failed to find 
eggs later than June 24, and as the beetles retreat to winter quar- 
ters early in August, there is hardly time for more than two 
broods under the most favorable circumstances. 


NATURAL ENEMIES. 


Several species of Coccinellide, lady-bird beetles, and Carabidae, 
ground beetles, are said to attack this insect in the undeveloped 
state. The eggs especially are devoured by the lady-bird beetles. 
Dr. Riley’ states that he has observed a species of Coccinellide, 
Megilla maculata, feeding upon larve and pupe of this insect. 
Doubtless these natural enemies have been more or less active in 
the willow fields about Syracuse, but the writer did not observe 
an instance of this kind on any of the visits to the fields, and of 
several growers questioned, none had seen the predaceous insects. 


5Insect Life, 3:43. 
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METHODS OF COMBATING. 


The principal methods employed by the willow-growers of this 
State in combating the cottonwood leaf-beatle may be classified 
under two heads : 

(1) The application of poison or repellents to the willows, either 
dry or mixed with water.—The poisons most commonly used are 
Paris green and London purple, applied either in water or mixed 
with lime or land plaster. Paris green and land plaster, about 
I part of the poison to 4o parts of land plaster, is considered an 
effectual remedy if applied when the willows are wet with dew 
or rain. A solution of copper sulphate without lime, 1 pound to 
from 7 to 12 gallons of water has been tried by several growers 
about Liverpool, one of the willow-growing centres near Syracuse, 
but without much success. If applied strong enough to materi- 
ally check the insect, it injures the willows. 

None of the above compounds have proven uniformly satisfac- 
tory in the hands of the willow-growers. 

(2) By using machines for catching the beetles.—These 
machines are made for use with either horse or hand power. 
The two forms are illustrated at Plates IV, V and VI which are 
from photographs taken by Mr. Rogers of Liverpool, at the 
writer’s request. The dimensions of the body of the horse-power 
machines are as follows: Length 5 ft., width of rear end 2 ft., 
front end 1 ft. 8in., depth 6in. The body thus forms a shallow 
tank which may be lined with zinc or tin and in which kerosene 
oil or kerosene oil and water, the oil forming a thin film on the 
surface of the water, should be kept while the machine is in use. 
A number of narrowstrips are placed longitudinally over the top 
in the manner shown in Plate IV to keep the willows from touch- 
ing the oil. Twostout runners fastened to the under side support 
the tanks. Plate V shows the machine in position ready for 
use. As will be observed, it is made to run between the rows; 
the long arms which extend obliquely from either side, cause the 
willows to bend over as the machine moves along and at the same 
time rub off the beetles and many of the larvee and pupze which 
drop into the tank and are quickly killed by the oil. A lighter 
machine for hand power is shown at Plate VI. 
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Of the two classes of methods used in combating this insect, 
the latter has proven much more satisfactory ; but unfortunately 
owing to the small size of the willows, the machines cannot be 
used to advantage early enough in the season to prevent serious 
injury by the beetles which first appear in the spring and also 
by the young larve as they are not as readily dislodged. 

In order to ascertain if possible whether the insect could be 
satisfactorily held in check by the application of an arsenical 
poison, thus providing a way to stop the injury to the willows 
early in the spring before the machines can be used to advantage, 
the following experiments were undertaken. 


EXPERIMENTS. 


The experiments were continued through two seasons, beginning 
in the spring of 1896. Through the kindness of Mr. Joseph 
Kennedy, of Liverpool, N. Y., a field of about an acre of willows 
on his farm was reserved for the experiments. Green arsenite 
and arsenate of lead were the poisons selected the first year as 
being most likely to prove satisfactory. 

The green arsenite was used at the strength of 1 lb. to 150 
gals. of lime water and the arsenate of lead, 1 lb. to 45 gallons. 
For the first spraying on two. of the plats, 2 qts. of glucose was 
added to each 45 gals. of the mixtures and for the second spray- 
ing the same amount of thin glue. 

The treatment which each plat received the first year is shown 
in the following diagram : 


DIAGRAM OF PLaTS IN 1896. 


Dates of 
sprayings Plat I. Plat II. Plat III. Plat IV. 


June 5.) Green arsenite. |Green arsenite and|Untreated./Arsenate of lead 
glucose. and glucose, 


June 19.| Green arsenite. Green arsenite and|Untreated.|Arsenate of lead 
thin glue. and thin glue. 
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Experiments in 1896.—As shown in the table, the plats were 
sprayed but twice in 1896. Unfavorable weather prevented a 
third spraying until too late to be practicable and the machines for 
catching the beetles were used twice, about seven days apart, after 
thelastspraying. For these experiments a knapsack sprayer was 
used to apply the poison. When lime was used, enough of the 
freshly slaked lime was added to make the mixture slightly milky 
in appearance. 

Results in 1896.—It was difficult to obtain exact results in 
this case. Swarms of beetles came from other fields to the 
sprayed plats. The general indications were that the plats 
sprayed with green arsenite mixed with lime water and glue and 
and with arsenate of lead and glue were less injured after the 
second spraying than the other plats. About 80 per ct. of the 
willows on these plats were uninjured by the beetles, while on 
Plat III, the check plat, at least 50 per ct. were damaged. 
Glucose did not prove as successful in making the mixture adhere 
to the leaves as thin glue, but glue was found to be impractical 
for this purpose because of sticking in the pump and clogging 
the nozzle. 

Experiments in 1897.—The plan of the experimental field was 
changed for these experiments and a Peppler horse-power sprayer 
used in place of a knapsack. As shown by the diagram the 
acre was divided into two equal plats and both plats sprayed on 
June 3.° The machine for catching the insects was not used on 
either plat. Plat II received but one application of the poison 
while Plat I was sprayed as shown in the following diagram. 

The green arsenite was used at the strength of 1 1b. to 100 
gallons of lime-water. Whale oil soap, 1 lb. to 20 gallons 
of the mixture, was added to make it spread upon the leaves. 
Whale oil soap also doubtless acts as a repellent to the insects 
and may be used much stronger. 


°The original plan was toleave Plat II unsprayed but through a misunder- 
standing it received one application of the poison. 


PLATE V. 


IA SLIWIg 
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DIAGRAM OF PLATS IN 1897. 


Dates of spraying. Plat I, Plat II. 
JUGS incecoraaak Green arsenite and Green arsenite and 
whale oil soap. whale oil soap. 
JUNE: (34 eee csmeswe vs Same. Untreated. 
JUNE 2300 pasiecwcd <x Same. Untreated. 
Besuilte Marketable willows, Marketable willows, 
Results.........+.+.- Sinn: ious 


Results in 1897.--Comparatively few beetles came from neigh- 
boring fields and hence the results were more satisfactory than 
in 1896. Asshown in the diagram the yield of the half acre 
which was sprayed three times was twice that of the half acre 
sprayed but once. 

The results of spraying alone as a means of combating the 
beetles compared with depending entirely upon the machines 
for catching the insects may be shown by comparing Plat I toa 
near-by field upon which the machines alone were used. The 
conditions were practically the same in both cases and the yield 
was about the same but there was a decided difference in the 
cost of treatment. In the field referred to a machine was kept 
running a part of every day for nearly three weeks, which is not 
exceptional, at a cost of $4.05 per acre for labor while the cost of 
spraying, with a power sprayer covering six rows, was but $2.58 
per acre for labor and materials for the three applications, 
Thus the expense of spraying was but Ittle compared to the 
yield and much less than the cost of running the machines long 
enough to produce the same results.’ 


SHOULD SPRAYING ALONE BE DEPENDED UPON IN COMBATING 
THIS INSECT? 


Although the results in the above experiments are very gratify- 
ing in favor of spraying, in many seasons it will be found imprac- 


7In the field referred to the machines were used but once a day through- 
out the entire three weeks. Usually it is necessary to go over the fields 
twice a day for a week or ten days, thus Increasing the expense. 
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tical to depend upon this means alone in combating this insect. 
Usually the willows are too large before time for the third treatment 
to spray to the best advantage and hence the machine should be 
brought into use for ashort time if necessary. On newly planted 
fields, however, spraying will be found of special advantage in 
keeping off the insects while the willows are getting a start and 
before they are high enough for the machines. 


IMPORTANCE OF A UNITED EFFORT OF THE WILLOW GROWERS, 


Insects which migrate as readily as the cottonwood leaf-beetle 
will quickly spread over a community where their food plant is 
extensively grown. The adults of this species fly readily and 
probably for quite long distances. In the fields about Syracuse, 
they literally swarm upon the willows, coming from all directions, 
especially from neglected fields, which of late years are becoming 
common in this community. A neglected field of willows means 
that the beetles will breed there unmolested and as food becomes 
short or as migratory instincts dictate, will seek other fields in the 
vicinity. Several illustrations of this kind came to the writer’s 
notice at Liverpool. Willow growers whose fields were in the 
vicinity of neglected fields suffered greater loss from injury to the 
willows, or were put to greater expense in combating the insect 
than were those whose neighbors united with them in an effort to 
check the pest. 
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RECOMMENDATIONS. 


Begin spraying early in the season. Make the first application 
before the beetles become numerous and follow it by one or two 
more a week or ten days apart. 

Use green arsenite or other equally good arsenical, one pound 
to 100 gallons of water, with the addition of enough freshly slaked 
lime to make the mixture slightly milky in appearance. One 
pound of whale oil soap to about 20 gallons of the mixture may 
be added with good results. It will do no harm to use the soap 
stronger. 

Spray newly planted fields with the poison until the willows are 
large enough for the machines. 

After the willows are too high to spfay thoroughly by ordinary 
means, use the machines for catching the insects if necessary. 

Urge the importance of a united effort on the part of all inter- 
ested in willow growing. 
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II. GREEN ARSENITE. 


Under this name the Adler Color and Chemical Works have 
placed upon the market an arsenical which may be used in place 
of ordinary Paris green. As stated in the Fifteenth Annual 
Report of this Station, pages 536-539, samples were sent to the 
Station in 1896 for experiment. During 1897 two other samples 
were sent for the same purpose. In addition to the experiments 
the poison has been extensively used in place of Paris green in 
the station orchard during the past two seasons with excellent 
results. 


NATURE AND COMPOSITION OF GREEN ARSENITE. 


In general appearance green arsenite resembles ordinary Paris 
green. It differs chemically from this poison in being a simple 
arsenite instead of an aceto-arsenite of copper, and physically in 
being an impalpable powder while Paris green is crystalline. 

Green arsenite is said to be similar to if not identical with 
Scheele’s green, but according to samples sent by the manufac- 
turers to the Station the percentage of arsenious oxide may vary 
from 41.04 to 62 per cent, while Scheele’s green contains, theoret- 
ically 52.94 per cent. 


WHEN FIRST USED USED AS AN INSECTICIDE. 


Mr. C. L. Marlatt of the United States Department of Agricul- 
ture, Division of Entomology, was probably the first to use 
green arsenite in place of Paris green. Mr. Marlatt’ states that 
copper arsenite ( green arsenite ) was especially made for him in 
1894 by a prominent manufacturer of Paris green and that it isin 
reality Paris green, without the addition of acetic acid which is 
added to produce a more or less coarsely crystalline product. 

In a publication of the Department of Agriculture, Mr. Mar- 
latt® gives the results of experiments with this insecticide. He 


8Insect Life, 7: 408-411. : 
9U. S. Dept. Agr. Div. Ent, Bul. 2, n. ser. 


22 


found that the action of the simple arsenite of copper on the foli- 
age of various plants used in the experiments was practically the 
same as Paris green. Again in a subsequent bulletin® Mr. Mar- 
latt gives results of experiments with this and other arsenicals. 


ADVANTAGES OF GREEN ARSENITE OVER PARIS GREEN. 


In addition to the comparatively low cost of manufacture the 
principal advantage of green arsenite over Paris green is that, as 
it is so much more finely divided, it remains in suspension in 
water much longer. From experiments in the laboratory the 
writer found that the ordinary crystalline Paris green, when 
mixed with water at the rate of 1 lb. to 150 gallons, would sink 
to the bottom of the jar in about five minutes, leaving the water 
clear, while the green arsenite remained in suspension for over 
two hours. 

It is because the green arsenite stays suspended in water so 
much longer than Paris green, that it is more valuable as an 
insecticide. Without doubt much of the failure to get good 
results from Paris green is because of the difficulty of keeping it 
evenly distributed through the tank. Unless the mixture is 
almost constantly agitated, the Paris green sinks to the bottom 
and is quickly drawn out by the pump, so that before the tank is 
half empty, most of the poison is gone and the remainder of the 
water contains so little Paris green as to be hardly worth applying. 


HOW TO USE GREEN ARSENITE. 


Green arsenite should be used the same as Paris green. For 
ordinary purposes use one pound to from roo to 150 gallons of 
water with the addition of enough freshly slaked lime to make 
the mixture slightly ‘‘milky’’ in appearance. Lime should 
always be added, for, in addition to other uses, it prevents injury 
to the foliage. It may be used with Bordeaux mixture in the 
same manner as Paris green. 


PRICE PER POUND AND WHERE OBTAINED 


Green arsenite can be obtained from the Adler Color and Chem- 


"U.S. Dept. Agr., Div. Ent. Bul. 6, n. ser. 
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ical Works, New York, and probably from other leading dealers 
in similar products for 15 cents per pound. 


EXPERIMENTS WITH GREEN ARSENITE. 


No strictly comparative experiments with this insecticide have 
been made here at the Station. Comparative tests’ by C. L. 
Marlatt however, indicate that green arsenite and Paris green are 
equally effective as insecticides. 

Experiments with green arsenite made by the writer are 
recorded on pages 600-601 of Bulletin 136 of this Station and on 
previous pages of this Bulletin. In the former instance the 
insecticide was successfully used against a flea beetle, Systena 
hudsonias Forst. attacking young apple grafts, and in the latter 
with equal success against the cottonwood leaf-beetle, Lina 
scripta Fab. 

In the spring of 1896 and again in 1897, the writer used green 
arsenite against the spring canker worm in an orchard near the 
Station. Fourteen large bearing apple trees were used in the 
experiments. Both seasons the trees were sprayed three times, 
the first being about the middle of May and the remaining two 
from a week to ten days apart. In 1896 the remainder of the 
infested orchard was sprayed with ordinary Paris green, and in 
1897 the green arsenite alone was used. In 1896 the trees 
sprayed with green arsenite were more uniformily free from 
canker worms than those sprayed with Paris green, while 
in 1897 the sprayed trees were practically free from canker worms 
after the second application, which was made May 22, while the 
unsprayed trees were nearly stripped of their foliage. 

In addition to the above experiments the writer has used green 
arsenite upon young pear trees against the fruit worm and upon 
potatoes against the Colorado potato beetle. In both instances 
the poison was used at the rate of 1 pound to 150 gallons 
of water with the addition of enough freshly slaked lime to 
make the mixture slightly milky in appearance, and gave every 
indication of being equally as efficient as Paris green. 


2U. S. Dept. Ag. Div. of Ent., Bul. 6, new ser.: 30-35. 


EXPLANATION OF PLATES. 


PLATE I.—Young willow whips injured by the cottonwood 
leaf-beetle. 


PLATE I].—Uninjured willow whip and one which was in- 


jured at a early in season causing it to branch. 


PLATE III.—z. Willow leaves showing eggs attached and in- 
jury by young larve. 2. Larva natural size and enlarged. 
3. Pupe attached to willow leaf, natural size. 4. Pupa enlarged. 


5. Beetles natural size and enlarged. 
PLATE I1V.—Machine for catching the beetles. 
PLATE V.—Machine in position ready for use. 


PLATE VI.—Hand power machine. 
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THE BRONZE BIRCH BORER 


Agrilus anxius Gory 


Order CoLropTera ; family BupRESTIDA 


The birch trees with their graceful habits, their slender, often pendulous 
branches, and their picturesque trunks are conspicuous features of any land- 
scape. The European white birch in its various weeping and cut-leaved forms 
has been extensively planted in American city parks and private lawns. Its 
artistic beauty, with its silvery stemmed branches and fluttering leaves 
‘‘floating at the discretion of the winds’’ makes the white birch a constant 
source of delight both in summer and winter. As compared with the elm or 
maple, the white birch is considered a short-lived tree, but they frequently 
survive to grace a landscape for thirty years or more. 

. It is with much regret, therefore, that this Experiment Station finds it 
necessary through this bulletin to 
announce to lovers of these beauti- 
ful white birches that a deadly 
insect enemy has recently appeared 
which is fast destroying these trees 
in city parks and on home grounds. 
Hundreds of the finest specimens 
of these graceful trees in Buffalo, 
(see frontispiece) Ithaca and other 
cities and towns of New York have 
succumbed to this enemy within the 
past eight years. About half of the 
score of white birches on the Cor- 
nell University Campus (Fig. 34), 
some of them over thirty years old, 
have been killed by the insect with- 
in three years; and several of the 
remaining trees are infested and 
will not survive more than a year 
or two. ‘These facts demonstrate 
the seriousness of the situation, and 
demand that city authorities and 
private owners of these valuable 
trees acquaint themselves with the 
FIG. 30.—a, Characteristic rusty brown spots on details of the work and life-habits 


bark over the borer in autumn, natural size; 8, of this insect so that remedial meas- 
birch branch showing the peculiar ridged effect over i 4 ; d judici 
the burrow of borer, reduced in S1ze. ures may be promptly and judic 


ously applied. 
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INDICATIONS OF THE INSECT’S PRESENCE 


The presence of this insect in birch trees is not easily determined until it 
has been at work for a yearor more. The first intimation one usually has of 
its presence is the dying of some of the top branches of the tree. This is well 
shown in the frontispiece and in Fig. 34. This dying of the tops of the trees 
has been very characteristic of the work of this pest wherever I have seen it 
in New York. The whole tree often succumbs in another year or two, 
Rarely the trees might begin to die at the top from a condition known as 
‘stag head’’ caused by lack of moisture and food materials. A careful 
examination should readily locate the borer if. it is the culprit. Some have 
tried to save a tree by pruning out the dead branches or top, but without avail 
for by that time the whole tree usually is infested. : 

Sometimes one can determine in autumn whether a tree is infested by this 
insect, even before any branches have been killed. Characteristic reddish or 
rusty brown spots or discolorations, as shown at @ in Fig. 30, often occur on 
the white bark of the trunk and larger branches at the point where the insect 
is preparing to hibernate and transform in the wood beneath. Usually the 
insect can be easily located by cutting through the bark and into the wood 
beneath these rather conspicuous spots. 

Another peculiarity which characterizes the work of the insect is the ridge 
which often develops in the bark over the burrow on the branches, as shown 
at d in Fig. 30. 

Thus, while the insect works in rather an obscure manner, it indicates 
its presence in the above described characteristic and sometimes conspicuous 
ways. Unfortunately, however, itis usually then too late to save the tree, but 
much can be done to prevent further infestation of other trees. 


‘CHARACTERISTICS OF THE ENEMY 


This destroyer of white birches is a small, slender, olive-bronze colored 
beetle nearly half an inch in length (7.5-11.5 m m.), as shown in Figs. 31 
and 35. *Its general color and the fact that it works mostly in birch trees 
suggested the good popular name of Bronze Birch Borer for the insect. How- 
ever, it is not in this adult or beetle stage that the insect is destructive. It 
is injurious only during its life as a larva or grub when it is a borer. 


* Chittenden (Bull. 18, U. S. Div. of Entomology, p. 47) technically describes it as 
‘“‘of moderately robust form, subopaque, olivaceous bronze in color. The last ventral 
segment is oval at the apex; the punctuation of the prothorax is transversely strigoso— 
punctate, and its posterior angles are carinate in both sexes ; the first ventral segment in 
the male is broadly grooved ; the second more deeply, the groove being narrow and smooth 
(see 6in Fig. 31). The serration of the antennal joints begins with the fourth joint. The- 
elytra bear each a rather vague longitudinal costa and the scutellum is transversely 


carinate”. The popular name of the insect was first suggested in this account by 
Chittenden. 
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The borer (Figs: 31 and 35), is a slender, 
flattened, footless, creamy white grub about three 
fourths of an inch long when fully grown. Its 
small head with dark brown mouth-parts is 
retracted into the wide, flattened first thoracic 
segment giving it a flat-headed appearance. ‘The 
other segments of the body are not so wide, the. 
second and third thoracic being the narrowest, 
The caudal end of the body ends in two brown, 
horny, forceps—like processes with bidentate 
inner margins. It is this slender creature which 
is responsible for the killing of the trees. It 
may be found in autumn by cutting into the trees 
beneath the rusty-colored spots described on page 
66 as occuring on the bark (Fig. 30 @). These 
grubs make tortuous or zigzag burrows in the sap- 

wood around and across the trunk and branches 
Fig. 31.—Z7he Bronze Birch 


Borer. 2, female beetle; b, first of infested trees, as shown in Figs. 36a, and 32, 
abitominal segments of male from 


below ; c, grub or borer. All Work OF THE INSECT 
enlarged about three and one- 3 i : : 
halt times. (From Bull. 18,U. S. This borer attacks white birches of all sizes 


Hupeaw ef Ratomalaryy. from nursery trees to stately monarchs more than 
a quarter of acentury old. All parts of the tree, from branches a quarter of 
an inch in diameter to the main trunk, may be infested. The top branches 
are always first attacked and killed, then the infestation spreads into the other 
branches and trunk. 

The tiny borer, 
hatching from an egg 
laid by the adult or 
beetle on the bark, 
begins a narrow mine 
or burrow through 
the bark. The bur- 
row is extended in a 
tortuous or zigzag 
direction along the 
branch, getting wider 
as the borer grows, 
and running mostly 


in the sap-wood just ; — 

Fic. 32 —The hurrow of a single borer as it zigsagged aroun 
penal ane bark, hee and through this 2-foot branch for a distance of over 5 feet. 
sometimes going fora Muck reduced. 


short distance deeper into the wood, even to the centre of the branch. The 
borer packs the burrow behind it with its excrement and wood particles which 
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turn dark brown in the first or smaller portion of the mine. ‘The flattened 
grub makes a shallow burrow that gradually widens to an eighth of an inch. 
Many of these zigzag, packed burrows are shown at a in Fig. 36. 

It is difficult to follow a burrow throughout its whole length. Larsen 
(Mich. Acad, Sci., 3rd. Rept. rg02, p. 48) states that he followed one 
‘‘through its winding course a distance of 1 foot and 7 inches ina length 
of branch of 4 inches, now near the bark, now deep down in the wood ; now 
running upwards in the branch, now running downwards. Neither the 
beginning nor the end of this burrow was found. The branch was somewhat 


Fic. 33-—Portion of trunk of infested white birch, showings no injury apparent until the 
lark is removed and the numerous burrows of the borer revealed. Natural size. 


less than an inch in diameter. Another burrow was traced upwards in a 
branch of about half an inch in diameter a distance of about 18 iffches, then 
doubling upon itself ran downwards: parallel to the upward course’’, I 
followed the burrow shown in Fig. 32, from the point where. the grub had 
formed its hibernating and transforming cell in the wood back to the starting 
point on a branch ‘about an inch in diameter and two feet long. The course 
of the burrow is-shown in the figure, but one can get from the picture but a 
faint notion of the numerous turnings and zigzaggings of the burrow as it 
extended along and around the branch. Eight times the borer tunneled its 
way through the wood to the centre of the branch or farther, once working 
along for about four inches near thecentre. This burrow, the work of a single 
oe . hi re si ys in length, and it was evidently all made 

- rst. Surely this is a remarkable piece of work 


“a 


Fic. 34.— On the Cornell University Campus. The white birch tree in the fore 
ground was killed by the bronze birch borer and the other birch tree across 
the road shows the characteristic work (top branches dying) of the insect. 


Fic. 35.—a, Zhe bronze birch borer beetle, natural size in lower corner ; b, the grub 
or borer, natural size above. 


Fic. 36.—a, Portion of trunk of white birch with bark removed to show how the burrows of 
the borer sometimes zigzag across each other; b, shows u burrow extending through the 
wood ; 2, hibernating and transfor ming chambers in the wood a short distance beneath th 
bark.» All figures reduced slightly. 
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and must have kept the little creature chewing nearly every moment of the 
four months. 

Oftentimes on the trunk and larger branches the burrows of several 
borers zigzag across each other in interminable confusion,as shown at @ in Fig.’ 
36. Yet it is a remarkable fact that even in this case where the infestation 
was very severe, there were no indications on the bark of the trunk of any 
injury beneath,or that the tree was infested by a borer ; this fact is well shown 
in Fig. 33, where small portions of the bark were removed and the numerous 
burrows of the borer revealed. The burrows mostly extend through the grow- 
ing wood just beneath the bark, and often the effort of the tree to repair the 
injury results in a woody growth over the burrow that causes corresponding 
ridges to appear on the bark (Fig. 30, 5). Sometimes a burrow can be 
traced for several inches by these ridges on the bark. The next year’s 
growth of the tree may cover an old burrow with wood, and burrows have been 
found thus buried under three annual rings of woody growth,showing that the 
tree might overcome some of the injury were it not for renewed attacks by the 
pest. Sometimes the burrowing of the borers weakens the limbs to such an 
extent that they break from their own weight. 


HIsroricaL Notes 


' 


Scientific name.—The first record in the literature of this Bronze, Birch Borer concerned 
its scientific name. Like many other American insect pests, this borer was also named in 
Europe. One of the adults or beetles found its way into the collection of Dejean, a 
Frenchman, who published lists of the beetles he had. In the third edition of his Catalogue 
des Coleopteres (p. 63) issued in 1836, he listed this birch borer, giving it the name of 
Agrilus enxius. But the honor of naming the insect is now credited to Gory, another 
Frenchman, who first published in 1841 a description of it and courteously used Dejean’s 
name (Hist. Nat. des Coleopteres, Monog. des Buprestides, Vol. 4, p. 226). Dejean 
recorded the insect from Boreal America. 

In 1859, the insect was first recorded in American literature by Le Conte, and was then 
described under two different names as Agrilus gravis, from Lake Superior and New York, 
and Agrilus torpidus from Lake Superior and Illinois (Trans. Am. Phil. Soc., XI, p, 247); 
he recorded Agri/us anxius from Massachusetts. The former names fell as synonyms of 
Gory’s earlier name of azxzvzs when Dr. Horn monographed the genus Agrilus in 1891, 
(Trans. Am. Ent. Soc. XVIII, p. 277-366. 

Early economic records.—Dr. Lintner was the first to record anything about the habits 
of the insect. In 1883, he collected 62 of the beetles ‘‘ which were observed alighting 
from their flight in the bright sunshine, and running actively in jerking motions, over the 
bark upon some cut poplars piled by the wayside’’ in the Adirondack Region of New York. 
He suggested that the larva was probably a borer in poplar (37th. An. Rept. N. Y. State 
Mus. Nat. Hist. p. 50.; the same account occurs in Lintner’s 5th Rept. p.. 281). In 1884, 
Harrington took specimens of the beetles on willows in Quebec (Can. Ent. Vol. XVI, p. 
101), and in 1889, Blanchard recorded it as occurring on the foliage of poplar sprouts in 
Massachusetts, and he took a few specimens on the summit of Mt. Washington, N. Hamp., 
‘‘whither they had flown from below”’ (Ent. Am. Vol. V, p. 32). 

The first notice of this borer attacking birch appears to be that of Schwarz who men- 
tioned the insect in 1890, in connection with the work of a Scolytid beetle, Xyloterus poli- 
tus (Proc. Ent. Soc., Wash., Vol, II, p. 78) at Detriot, Mich., where two silver birches 
were killed. The same year Cook (3rd An. Rept. Mich. Expt. Sta., p.119), bred the insect 
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from galls which were quite common in Michigan on a willow (Salix discolor). Davis 
describes these galls (Insect Life, [V, p. 66) as an oval swelling of the live branch in 
which the borer tunnels ‘‘an oval gallery downward from the gall, sometimes in the pith, 
but oftener indiscriminately through the wood, and makes its exit often an inch and a half 
below.’? This work in willow is so different from that of Agrilus anxius in birch, that I 
was inclined to doubt the identity of the two borers, but an examination of one of Cook’s 
specimens convinced me that they are probably the same insect, and Mr. E. A. Schwarz 
confirms this. As the specimen was a female, it was impossible to determine it definitely. 

In 1896, Jack reported (Garden and Forest for 1896, p. 269), that ‘* some of the foreign 
birches in the Arboretum and other localities about Boston have been killed by the attacks 
of boring larve ’’ which were doubtless this Bronze Birch Borer. About the same time 
the white birches in the parks of Buffalo began to die from the attacks of. this pest, and 
during the past six years the insect has killed hundreds of these beautiful trees in Buffalo; 
Rochester, Hornellsville, Ithaca and doubtless other cities in New York; and similar 
destructive work is reported from Detroit and Ann Arbor in Michigan, from Chicago, and 
from Guelph, London and Hamilton in Canada. It is still continuing its ravages in some 
of these cities, slowly spreading from tree to tree, as practically no well directed effort is 
being made to check it. 

A good summary of previous records of the insect and an account of its work in Buffalo 
was given by Chittenden in 1898 and 1900 (Bull. No. 18, new series,U. S. Div. of Entomology, 
P- 44-51, and Bull. 22 of the same Division, p. 64-65). In apaper on ‘* A Disease of the 
White Birch’’ read in March, rgot, before the Michigan Academy of Science (3rd Rept. of 
Mich. Acad. Sci. 1902, p. 46-49) John Larsen gave an excellent account of many original 
observations on the work and habits of this insect. Professor Lochhead well summarized 
the records in 1903, (28th An. Rept. Ontario Agr. Coll. & Exp. Farm for 1902, p. 22-23). 


Tue DISTRIBUTION AND DVESTRUCTIVENESS OF THE INSECT 


This bronze birch borer is an American insect and is widely distributed 
throughout the northern United States and Canada. It has been recorded 
from New Hampshire and Massachusetts westward through Connecticut, New 
Jersey, New York, Pennsylvania, Virginia, Quebec and Ontario in Canada, 
Michigan and Illinois to Colorado. Thus far it has been reported as injurious 
only in Massachusetts, New York, Michigan, Illinois and Ontario in Canada. 
But doubtless many white birches in other States have been killed by the 
insect, the real cause being unknown or unrecorded. 

In New York state this borer now occurs in destructive numbers in St. 
Lawrence County, and in the following cities: Buffalo, Rochester, Ithaca, 
Hornellsville, and probably others. The beetles have been taken in other 
parts of the State, and it is liable to appear in destructive numbers wherever 
white birches are used as ornamental trees. 

In Europe two similar borers (Agrilus betuleti Ratz. and Agrilus viridis 
L.) are destructive to birches. 

The fact that the bronze birch borer often kills large trees in three or 
four years is sufficient evidence of its very destructive character. Within a 
few years many white birches in Chicago, Ann Arbor, Detroit, Buffalo, Ithaca 
and other cities have been killed by the insect. A tree usually succumbs 
within two or three years after the first top branches die. 

In 1895, M. F. Adams, a keen observer of insect life, discovered that 
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the common white birches in Buffalo’s parks were injuriously infested by a 
borer. By 1898, several trees had been killed, the cut-leaved varieties 
also were being attacked, and the culprit was found to be the bronze 
birch borer. I saw in Delaware Avenue Park in Buffalo on May 11, 1899, at 
least one hundred magnificent white birches, some of them veritable monarchs 
nearly two feet in diameter at the base, all dying from the work of this borer. 
In August of the same year, Mr. Adams reported that from one spot in one 
of Buffalo’s parks he could see fourteen black and yellow birches, but twelve 
of them were dead, all killed by this borer. Chamberlain reported in 1900, 
(Scientific American, Vol. 82, p. 42), that the result of the work of this insect 
is that ‘‘ nine-tenths of Buffalo’s white birches are either dead or dying and the 
rest will soon follow. Several hundred have died, including about 50 in Forest 
Lawn Cemetery the present season. Even the dead trees were not burned, 
and the pests were allowed to multiply at will.’”’ 

I have seen over half of the white birches on the Cornell University 
Campus and many of those scattered about Ithaca’s lawns killed by the insect 
within the past three or four years. And unless the vigorous, prompt, and 
judicious measures now being enforced on the Campus are carried out through- 
out the city, Ithaca’s white birches will soon be dead monuments to the 
industry and destructiveness of this little enemy. 


Foop-PLantTs or Kinps oF TREES ATTACKED 


This insect seems to confine its work almost entirely to birch trees. The 
only exception yet recorded is discussed on page 72 where it was found mak- 
ing gall-like swellings on a willow. The European white birch (Betula alba) 
and its cut-leaved weeping variety (pendula Jlaciniata) have suffered most 
from its ravages. In the outbreak in Buffalo, the former or a//a was first 
attacked, the infestation then extending to the cut-leaved variety. But I have 
seen a-case in Ithaca, where a cut-leaved birch was killed before a tree of the 
whole-leaved form only a rod or two distant showed any signs of being infested. 

Several trees of the American black (Be/z/a /enta) and the yellow (Betula 
lutea) birch have been killed by the insect in Buffalo, and it is also recorded 
as attacking the paper or canoe birch (Betula papyrifera). 

However, there is no record of any kinds of birches having been killed 
by the insect in forests or woodlands. It seems to have confined its destruct- 
ive work to the more valuable individuals and groups of these beautiful trees 
set in parks and private lawns. 

The beetles have been taken on poplars cut and piled by the roadside, 
on poplar sprouts and trunks, and on willow, but there is no evidence that the 
insect was breeding in poplar. Larsen put a number of the beetles in a cage 
and supplied them with fresh leaves. ‘‘ When only birch leaves were supplied 
they fed very sparingly. Some elm leaves were then put in with the birch and 
they fed greedily upon these. This led to further experiment and various 
sorts of leaves were used. They fed upon almost any leaf of soft texture. 
But their favorite food was willow, poplar and aspen leaves with preference 
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strongly marked in the order given. It seems from this that the beetles upon 
leaving the birch feed on other trees until the time for reproduction.” 


Tue LIFE AND Hasits OF THE INsEcT 


The chain of evidence regarding the life- -story of this bronze birch borer 
is not yet quite complete, but from the records and from my observations and 
investigations most of the details can be supplied. 

HHibernation,—All the evidence I have, shows that the insect always passes 
the winter as a full-grown grub or borer curled up in a long, narrow cell or 
chamber, which it makes in the wood not, far from the bark. I have failed to, 
find smaller borers in uncompleted burrows in autumn. One of these hiber- 
nating cells is shown at ¢ in Fig. 36. , Most of the borers may be found in these 
cells early in October; Adams reports finding some as early as July 14th. 
Some of them can be easily located by cutting into the tree beneath the char- 
acteristic rusty colored spots (Fig. 30, @). ‘The grubs rest in the cells in a 
peculiar manner with the cephalic third of the body bent around lying close to 
the remainder. They are very sluggish when removed from the cells. Early 
in the spring these hibernated borers shorten up, straighten out in their cells, 
and thus prepare for transforming. i 

Transformation and habits in spring.—During the latter part of April or 
early in May, depending upon weather conditions, the grubs transform in their 
hibernating cells into the adult insects or beetles (Figs. 31 and 35). A day or 
two before transforming the pupe turn to the dark bronzy color of the beetle. 

In making its hibernating and transforming chamber in the wood in early 
autumn, the borer also extends its burrow up to the bark, so that-in the spring 
the newly-transformed beetles only have to squeeze their way out of the cell 
and eat their way through the bark. Larsen records that the emergence of 
the beetles is rather a laborious process, as some were found ‘‘ with the for- 
ward parts of their bodies protruding for hours making long rests between 
efforts to free themselves.’’ Several of the peculiar shaped exif holes of the 
beetles are shown in Fig. 37. 
Eleven exit holes have been 
counted in an area only two. 
and a half inches in diameter. 

The date of emergence 
of the beetles in the spring is 
of much importance in con- 
nection with methods for 
controlling it, and it varies 
somewhat with climatic and 
other conditions. Sometimes 
a few of them emerge as early 
as May rst, but my observa- 
tions and breeding notes in 
New York, indicate that most 
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from ‘May 15th to June rst,‘or even'later. In 1g0o Adams reported that none 
of the beetles had emerged by June 3rd. The beetles feed on tender foliage, evi- 
dently preferring other trees like the willow and poplars, as Larsen has show 

Lgg-laying.—I have not seen the eggs of this bronze birch borer as I 
could not induce the beetles to lay eggs in my cages, but Larsen was more 
fortunate and obtained evidence that they were laid in crevices of the bark. 
He states that beetles ‘‘confined in a glass jar were found to be depositing 
eggs on June 8th, and for a week or more afterwards. Pieces of fresh limbs 
were supplied, but the insects did not deposit their eggs upon these, but moved 
about feeling for crevices with their long prehensile ovipositor and having 
found a place, such as between the glass and the lower part of the cork or 
under a piece of wood, from five to ten or more eggs were put in one place. 
Copulation had gone on for some time before this. Great activity was exhib- 
ited during the copulation and egg-laying. No observations were made on the 
development of the eggs.’’ It is unfortunate that the eggs were not described. 

As further evidence that the eggs are laid several in a place in crevices or 
rough places on the bark, is the fact that the burrow I followed from end to 
end, as described on page 68 and shown in Fig. 32, began at a rough place 
where a twig had been broken off. And Larsen found that ‘in one place in 
a slight swelling on the bark were several small openings less in diameter than 
apin. From these openings burrows were traced. The burrows are at first 
very small and lie close under the bark and are filled with dark granules.’’ 
Adams wrote me of a similar observation made in Buffalo early in June, 1899. 
He ‘‘ detected the beginnings of the burrows by a slight circular discoloration 
on the outer bark.”’ 

Thus the evidence indicates that after feeding for a few days, the beetles 
mate and the eggs are laid early in June in rough places on the bark of the 
birches, first on the upper branches and later on the trunk. 

Work of the borer.—The beginning of the newly-hatched borer’s burrow- 
ings in the bark in June have just been described in the preceding paragraph. | 
And its later work as it industriously tunnels its way, zigzagging around and 
through the branches has been described on page 68. Beginning early in 


June, the borer must work almost- incessantly to be able to dig such a tunnel 


in less than four months, or before October rst. 

Length of the life-cycle.—Although no one has followed this birch pest 
through its whole life, all the recorded evidence and all my observations indi- 
cate a yearly life-cycle.* I have just made a careful examination of much of 
the infested portion of a large white birch, and I found nothing but full-grown 
grubs or borers and exit holes of last year’s generation. There were no indi- 


* Most of the species of Agri/us, both European and American, whose life-history has 
been fully worked out, require two years to complete a life-cycle or generation. This is 
true of Agrilus viridis and Agrilus sinuatus, both European species, the latter now an 
American pest also. But our native Agrilus bilincatus and Agrilus ruficollis seem to have 


a yearly life-cycle. 
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cations of small or half-grown borers, as there would be if the insect required 
two seasons to develop. 


NATURAL ENEMIES «. 


Were it not for the ubiquitous English sparrow, doubtless the woodpeck- 
ers would help considerably in reducing the numbers of this bronze birch 
borer. The sparrows have largely driven the woodpeckers out of city parks 
and private grounds. During most of its life, or for about eleven months 
in a year, the borer is just under the bark where the birds could easily get at 
it. Adams observed one of the common woodpeckers, probably the hairy 
woodpecker, feeding quite extensively upon the grubs in Buffalo. 

The pest does not escape from parasitic enemies. While examining 
some infested branches of birch in January, 1899, I found several borers that 
had been killed by parasitic grubs: The parasite had spun a tough, semi- 
transparent cocoon inside the skin of its host. Later the adult parasite was 
bred and it proved to be the interesting little creature shown much enlarged in 


Fic. 38.—Phasgonophora sulcata. The interesting little parasitic 
enemy of the bionze birch borer. Much enlarged. 


Fig. 38. It is a Chalcid fly known to science as Phasgonophora sulcata West- 
wood (Griffith’s Animal Kingdom, Insects, Vol. II, p. 432). Note the won- 
.derful development of the hind legs, the purpose of which is unknown. Chit- 
tenden also reared the same parasite from this borer and from the flat-headed 
apple-borer infesting a Japanese redbud tree. The parasites issued about 
two weeks after the beetles. Dr. Howard writes me that the parasite has 
been taken in Texas, California, Washington, D. C., Illinois, South Caro- 
lina, Canada, Florida and Oregon, thus showing a very wide distribution. 
Doubtless this interesting little enemy aids materially in holding this bronze 
birch borer in check, But in most localities it has not yet reached that point 
where it is numerous enough to cope with the pest to the extent that man 


need not employ artificial agencies to prevent the destruction of his beautiful 
white birches. 


Tue Bronze Bircu Borer 77 


REMEDIAL SUGGESTIONS 


This bronze- birch borer is practically invulnerable against man’s usual 
insecticides. - - Nearly all.of its. life is. spent as a borer under the bark out of 
reach of insecticides. The fact that the beetles feed for a few dayson tender 
leaves would suggest spraying the trées in May with a poison, but apparently 
they do not eat the birch foliage to any extent, preferring that of willow, pop- 
lar, or elm. Thus it is very doubtful if it would materially check the insect 
to spray the birches with a poison. 

On account of the possibility that the beetles might be prevented from 
emerging or from laying their eggs, several applications to the bark have been 
suggested, such as a poisoned whitewash, a mixture of hydraulic cement and 
skim milk, covering the trunks with a paper wrapping, and a resin-oil wash. 
Adams treated about forty trees in Buffalo with a resin-oil wash (5 pounds 
resin dissolved and 1 gallon raw linseed oil poured in) with no satisfactory 
results. As the insect infests all parts of the tree, from branches half an 
inch in diameter to the trunk, it would be difficult to so cover the bark 
as to allow no place for egg-laying, or to put on such a coating as to prevent the 
exit of the beetles. I doubt the practicability and effectiveness of such 
methods against this birch borer. 

Some have tried to save their trees by cutting out the top branches that 
were dead or dying, but in every case the trees finally succumbed. This 
pruning may sometimes delay the inevitable death of the tree for a year or 
more. J doubt if a tree can be saved after it is once infested to the extent that 
the top branches are dying. Better sacrifice the whole tree at once and thus 
prevent the spread of. the pest to neighboring trees. 

This brings me to the only practicable and effective method of dealing 
with this borer. That is the heroic one of cutting down and burning the 
infested tree, trunk and branches, before May 1st, thus destroying the whole 
crop or generation of borers in their hibernating quarters under the bark. 
As soon as the top branches are killed (as shown in the frontispiece and in 
Fig. 34), do not delay a moment, but cut and burn the tree, as its death is 
inevitable within a year or two. 

But this is much more easily said than done, as any one can testify who 
has tried to persuade owners of private grounds or park authorities to apply 
the method in time. Sentiment and the forlorn hope that the tree may revive 
or last a few years more, often results in an infested tree remaining asa leaf- 
less eyesore on the landscape for a year or more after it is dead and all the 
beetles have been allowed to emerge and spread to other trees. It seems to 
be almost impossible in many cases to get individuals or city authorities to act 
promptly. Often after one succeeds in getting an infested tree cut down in 
time, it will not be burned promptly, but left where the beetles can readily 
emerge, so that practically nothing is accomplished in checking the pest. 

A determined effort is now being made to save the remaining white 
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birches on the University Campus. This autumn all the infested trees show- 
ing dying tops are being removed and promptly burned. In cities and towns 
where this insect is killing the white birches, there should be enacted an ordin- 
ance compelling the authorities to promptly cut and burn in autumn, winter, 
and surely before May rst, the infested trees in the parks, and if possible 
requiring owners of private grounds to do thesame. The mere enactment of 
such an ordinance will not often accomplish the desired result. Public opinion 
must be behind such a measure to enforce it. Ithaca, Buffalo, Rochester and 
other New York State cities are now face to face with the problem of check- 
ing this pest or of losing their white birches. Civic Improvement Societies 
could render efficient aid in such work. 

Briefly then, ¢here ts no known way of preventing this bronze birch borer 
Trom attacking white birches, and the only practicable and effective method yet 
found for checking tts ravages ts to promptly cut and burn the infested trees in 
autumn, in winter, or before May rst. There is no possibility of saving a tree 
when the top branches are dead, as shown in the frontispiece and in Fig. 34. 
Cut and burn such trees at once and thus prevent the spread of the insect. 
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I. SPRAYING. 
JOHN CRAIG. 


The “Spray Calendar” originated at the Cornell Agricultural Ex- 
periment Station. In 1894, Prof. M. V. Slingerland devised the first 
tabular calendar arrangement of-spraying suggestions; this was printed 
and used at Farmers’ Institutes. In February 1895, this Experiment 
Station published a ‘‘Spray Calendar’ prepared by E. G. Lodeman, late 
instructor in the Department of Horticulture. Since that time, the 
spray calendar has appeared in many forms and under the authority of 
many writers and institutions. The Cornell publication has been changed 
from the chart to the pamphlet form. 

Every year there is a distinct demand for the type of information 
furnished by this calendar. Fruit-growers and farmers realize more 
clearly when planting season comes that success depends as much upon 
the application of intelligent methods to the combating of plant parasites 
as upon the management of the soil. 


The Need of Spraying. 


The annual loss arising from the incursions of destructive insects in 
the United States exceed by many times the yearly output of all the 
gold mines in the United States. The reduction in the value of the apple 
crop of New York state due to insect injury, cannot be less than thirty 
percent peryear. This is a heavy tax on the fruit-grower. The injury, 
however, could be lessened at least fifty per cent by an expenditure of 
not exceeding two per cent on the value of an average apple crop. The 
need for spraying is therefore evident. This need will probably increase 
as time goes on. 

The Principles of Spraying. 

Plants, unlike animals, are not cured of diseases by medical treat- 
ment. Moreover, they cannot be made immune to insect or fungous 
attacks by previous treatment. We aim by spraying ‘to protect plants 
from two classes of enemies, insects and fungi. We merely protect 
plants; we do not cure them. How are they protected? By covering 
the foliage with a medium in which the fungus will not grow, in the case 


y 
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of the plant parasite; by poisoning the leaf-eating insect, or killing the 
sucking insect with something which destroys its body, in the case of 
insects. 

Cornell spray calendars have stated that spraying is a type of 
orchard insurance. Growers ask: Shall I spray when I have little or 
no fruit? The answer is: Yes, by all means. Insure for your trees 
a crop of healthy leaves, so that wood may be grown and fruit buds 
developed. This is the best way to secure a crop the following year. 
The man who sprays year in and year out insures his crop against standard 
enemies, and to a large de- 
gree against epidemics, and 
tends to lessen the numbers 
of his staple insect foes. 


How to Spray. 


First, know the enemy. 
Study the crops you are 
growing, and you will learn 
to recognize the parasites 
that attack them. Learn 
the feeding habits of these 
and the principal facts of 
their life-history. Then 
study the remedy, under- 
stand its principles—how 
it acts. Next, secure the 
appliance which seems best adapted to your needs. Prepare your spray 
mixture carefully, and apply it thoroughly. Next to timeliness, thor- 
oughness is of prime importance. Hundreds of fruit-growers and farmers 
‘* waste time, energy and material by indiscriminate and hasty squirting 
of spray mixtures over fruit trees and farm crops. Remember that the 
principle is protection, and that the plant is protected only when it 
is completely covered. Some insects must be hit to be killed. Do not 
spray, therefore, unless you do the work thoroughly for you will disgust 
yourself and destroy your neighbor’s faith in the treatment. Spraying 
is not pleasant work but fruit-growers and farmers must accept the 
situation and make the best of it. 

In the succeeding pages of this bulletin, the subjects of formulas, 
machinery, insects and diseases are treated. Each division has been 


Fig. 145. Slugs of the potato beetle. Chewing insects. 
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prepared by an authority in that particular field. Study and follow the 
directions carefully, apply the remedies in time and with thoroughness, 
and in case of failure or difficulty write to the Cornell Agricultural 
Experiment Station for assistance. 


II. INSECTS AND THEIR CONTROL. 
M. V. SLINGERLAND AND C. R. CROSBY. 


For purposes of control, insects are divided into two great classes: 


A. Chewing insects, or those having jaws by means of which they 
bite off and eat portions of the tissues of the plant. Examples: Potato 
beetle, (Fig. 145) canker-worm and codling-moth caterpillar. 

B. Sucking insects, or those furnished with a beak containing four 
bristles united into a slender tube. The bristles are inserted into the- 
plant and through them the insects 
suckoutthesap. Examples: Squash 
stink-bug, San José scale and plant- 
lice (Fig. 146). 

Chewing insects are usually 
controlled by applying to their 
food poisons such as Paris green, 
arsenate of lead or hellebore. 
Sucking snsecis earinion: De segehed Fig. 146. A plant-louse, one of the suck- 
in this way and must be killed by ing insects, showing the beak. 

a direct application of contact 

insecticides, such as soaps, oils or other substances. In fighting sucking 
insects, thorough and skillful work is required since every individual 
insect must be hit by the spray, while in the case of chewing insects, 
it is merely necessary to apply the poison thoroughly to the food-plant. 


APPLE. 


The small brown caterpillars with a black head devour the 

Bud-moth. tender leaves and flowers of the opening buds in early spring. 

Make two applications of either 1 lb. Paris green or 4 lbs. arsenate 

of lead in 100 gals. of water; the first when the leaf-tips appear and the second just 

before the blossoms open. . If necessary, spray again after the blossoms fall. For 
use with Bordeaux, see APPLE SCAB, Cornell Bulletin 107. 

These caterpillars are small measuring-worms or loopers that 

Canker-worms. defoliate the trees in May and June. The female moths are 

wingless and in late fall or early spring crawl up the trunks of 

the trees to lay their eggs on the branches. Spray thoroughly once or twice, before 

the blossoms open, with 1 Ib. Paris green or 4 lbs. arsenate of lead in 100 gals. of 
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water. Repeat the application after the blossoms fall. Prevent the ascent of the 
wingless females by means of sticky bands or wire-screen traps. 
This is the pinkish caterpillar which causes a large proportion 
Codling-moth. of wormy apples. The eggs are laid by a small moth on the 
(Fig. 147.) leaves and skin of the fruit. 
Most of the caterpillars enter 
the apple at the blossom end. When the petals fall 
the calyx is open (Fig. 148),and this is the time to 
spray. The calyx soon closes and keeps the poison 
inside ready for the young caterpillar’s first meal 
(Fig. 149). After the calyx has closed, it is too 
late to spray effectively. The caterpillars become 
full grown in July and August, leave the fruit, 
crawl down on the trunk, and there most of them 
spin cocoons under the loose bark. In most parts 
of the country there are two broods annually. Vig. 143... Cadling-maik Ts 
Immediately after the blossoms fall spray pillar in the apple. 
with 1 lb. Paris green or 4 lbs. arsenate of lead 
in 100 gals. of water. Repeat the application 7 to ro days later. For use with 
Bordeaux see APPLE SCAB. Use burlap bands on_trunks, killing all caterpillars 


Fig. 148. Just right to spray. Two Fig. 149. Almost too late to spray 
apples from which the petals have just effectively. Note that the calyx lobes are 
fallen. Note that calyx lobes are widely nearly together. 
spread. Egg of codling-moth on young apple. 


under them every ten days from July 1st, to August rst, and once later before 
winter. Cornell Bulletin 142. 

The small white maggots make brownish winding burrows in 
the flesh of the fruit, particularly in summer and early fall var- 
ieties. This insect cannot be reached by a spray as the parent 
fly inserts her eggs under the skin of the apple. When full- 


Apple-maggot 
or “Railroad- 
worm.”’ 
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grown the maggot leaves the fruit, passes into the ground and there transforms 
inside a tough, leathery case. Cultivation has been found to be of no value as a 
means of control. The only effective treatment is to pick up all windfalls every 
two or three days and either to feed them out or to bury them deeply, thus killing 
the maggots. ‘ 

The small caterpillars live in pistol—or cigar-shaped cases, about 
Case-bearers. } inch long, that they carry around with them. They appear 
in spring on the opening buds at the same time as the bud-moth 

and may be controlled by the same means. Cornell Bulletins 93 and 124. 
This scale is nearly circular in outline and about the size of a pin 
San Jose scale. head (Fig. 150). When abundant it forms a crust on the 
branches and causes small red spots on the fruit. It multiplies 
with marvelous rapidity, there being three or four broods annually and each mother 
scale may give birth to several hundred young. The young are born alive and 


_San Jose Scale.” Scurfy Scale Oyster-shell Scale. 
Fig 150. The three common scales infesting the apple. 


breeding continues until late autumn when all stages are killed by the cold 
weather except the tiny half-grown, black scales many of which hibernate safely. 
Spray thoroughly in the fall after the leaves drop, or early in the spring before 
growth begins, with lime-sulphur wash, or miscible oil, 1 gal: in ro gals. of water. 
When badly infested make two applications, one in the fall and another in the 
spring. In case of large old trees, 25% crude oil emulsion should be applied just 
as the buds are swelling. Geneva Bulletins 262, 296 and Circular 9. 
This is an elongate scale, $ inch in length, resembling an oyster 
Oyster-shell heli in shape and often encrusting the bark. It hiber- 
scale. nates as minute white eggs under the old scales. The eggs 
(Fig. 150.) hatch during the latter part of May or in June, the date depend- 
ing on the season. After they hatch, the young may be seen as tiny whitish lice 
crawling about on the bark. When these young appear spray with kerosene 
emulsion, diluted with 6 parts of water, or whale-oil or any good soap, 1 lb. in 4 or 
5 gals. of water. 


‘ 


Scurfy scale. 
(Fig. 150.) 


Leaf 
blister-mite. 


Round-headed 
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This whitish pear-shaped scale, about 4 inch in length, often 
encrusts the’ bark, giving it a scurfy appearance. It hiber- 
nates as purplish eggs under the old scales. Spray as recom- 
mended for oyster-shell scale. ‘ 
The presence of this minute mite is indicated by small irregular 
brownish blisters on the leaves. Spray in late fall or early 
spring with kerosene emulsion, diluted with 5 Sn 
parts of water, or miscible oil, 1 gal. in 10 gals. 

of water. Geneva Bulletin 283. 

The only practicable method of control is to dig 


borer. out the borers or to kill them with a wire. 
The insect hibernates in the egg stage. The eggs 
Apple tent- are glued in ring-like brownish masses (Fig. 151) 
caterpillar, around the smaller twigs where they may be 
easily found and destroyed. The caterpillars Fi Sais 
' ‘ ; ig. 151. Egg 
appear in early spring, devour the tender leaves, and build un- ring of apple 
sightly nests on the smaller branches. This pestis usually con- tentcater- 
trolled by the treatment recommended for the codling-moth. Des- pillar. 


troy the nests by burning or by wiping out when small. 


Plum 
curculio. 


causes it to drop. When full grown it enters the 
ground, changes in late summer to the beetle, which 
finally goes into hibernation in sheltered places. Spray 
just after blossoms fall with arsenate of lead, 6 to 8 lbs. 
in too gals. of water, and repeat the application in 


PLUM AND PRUNE. 


The adult is a small snout-beetle (Fig. 152) that inserts its eggs 
under the skin of the fruit and then makes a characteristic 
crescent-shaped cut beneath it. The 
grub feeds within the fruit and 


about a week. After the fruit has set, jar the trees Z 
daily over a sheet or curculio-catcher and destroy the Fig. 152. Beetle of plum 
beetles. Cornell Bulletin 235. curculio. Enlarged. 


Aphis. 


Plum curculio. 


Quince 
curculio. 


CHERRY. 


Early in the season these dark brown plant-lice curl the term- 
inal leaves, especially of.sweet cherries. Spray with kerosene 
emulsion diluted with 6 parts of water. Repeat the applica- 
tion if necessary. 

See under piu. 


QUINCE. 


This curculio is somewhat larger than that infesting the plum 
and differs in its life-history. The grubs leave the fruits in the 
fall and enter the ground where they hibernate and transform 
to adults the next May, June or July, depending on the season. 
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When the adults appear jar them from the tree onto sheets or curculio-catchers 
and destroy them. To determine when they appear jara few trees daily, begin- 
ning the latter part of May. Cornell Bulletin 148. 

San Jose scale. See under appLe. 

Round-headed apple-tree borer. See under appte. 


PEACH AND APRICOT. 


The adult is a clear-wing rere 
moth. The larva burrows 
just under the bark near 
or beneath the surface of 
the ground; its presence is indicated by a 
gummy mass at the base of the tree. (Fig. 
153). Dig out the borers in June and 
mound up the trees. At the same time, 
apply gas-tar or coal-tar to the trunk from 
the roots up to a foot or more above the sur- 
face of the ground. Cornell Bulletins 176 
and 192. 

Plum curculio. See under pLiun. 

San Jose Scale. See under appte. 


Peach borer. 


PEAR. 


These minute, yellowish, 
flat-bodied, sucking in- 
sects are often found 
working in the axils of 
the leaves and fruit early in the season. 
They develop into minute, cicada-like Fig. 153. Peach borer. 
jumping-lice. The young psyllas secrete a 

large quantity of honey-dew in which a peculiar black fungus grows, giving the 
bark a characteristic sooty appearance. There may be four broods annually and 
the trees are often seriously injured. After the blossoms fall, spray with kerosene 
emulsion, diluted with 6 parts of water, or whale-oil soap. 1 lb. in gor 5 gals. of 
water. Repeat the applica- 
tion at intervals of from 3 
to 7 days until the insects are 
under control. Cornell Bulle- 
tin 108. © 


Pear psylla. 


See under 
Leaf blister- appre. On 
mite, pears, the 


lime-sul- 
phur wash has also been 
found effective. 
See under 
APPLE. 
See under 
APPLE. Fig. 154. Pear slugs skeletonizing the leaj. 


San Jose scale. 


Codling-moth. 


342 


These small, slimy, slug-like, dark green larvae (Fig. 154) skele- 

Pear slug. tonize the leaves in June, and a second brood appears in 

August. Spray thoroughly 

with 1 lb. Paris green, or 4 lbs. arsenate of lead, 
in 100 gals. of water. 


NURSERY STOCK. 


Spray thoroughly or dip the 
tipsin kerosene emulsion, diluted 
with 6 parts of water, or whale-oil soap, 1 Ib. 
in 5 gals. of water. 

After the trees are dug, fumi- 
San Jose scale. gate with hydrocyanic acid y 

gas, using 1 ounce of potassium 
cyanide for every 100 cubic feet of space. Con- 
tinue the fumigation from one-half to three | 
quarters of an hour. Do not fumigate the trees 
when they are wet, since the presence of moist- 
ure renders them liable to injury. 


_ Plant-lice. 


GRAPE. 


The small, shining blue beetles. : 
Flea-beetle or appear in early spring and eat Fig. 155. Grape root-worm. 
“Steely-beetle.” into the opening buds. The 
brown larvae feed on the leaves in May and June. When buds 
begin to swell cover them thoroughly with arsenate of lead, 8. lbs. in 100 gals. of 
water, or when beetles appear, hand-pick them into a pan containing a little 
kerosene. To kill the larvae on the leaves from May rsth, to July 1st, add 1 lb. 
Paris green or 4 lbs. arsenate of 
lead to every 100 gals. of Bor- 
deaux mixture. See under 
BLACK-ROT. Cornell Bulletin 157. 
; The small 
Root-worm. white grubs. 
(Fig. 155) feed 
upon the roots, often killing the 
vines ina few years. The adults 
are small grayish-brown beetles 
that eat peculiar chain-like holes 
in the leaves during July and 
August. Cultivate thoroughly in 
June especially close around the 
vines to killthe pupae in the soil. 
Spray thoroughly the latter part 
of June with arsenate of lead, 6 
Ibs.in 100 gals. of water, to kill 
the beetles. Repeat the applica- 
tion in a week or ten days. Cor- 
nell Bulletins 208 and 224, 235. Fig. 156. 


Currani-worms. 
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These small yellowish leaf-hoppers, erroneously called “thrips” 

Leaf-hopper. suck the sap from the underside of the leaves causing them to 

; turn brown and dry up. Spray the underside of the leaves very 

thoroughly with whale-oil soap, 1 lb. in 10 gals. of water, about July rst, to kill 

the young leaf-hoppers. Repeat the application in a week or ten days. Cornell 

Bulletin 215. 

The ungainly, long-legged, grayish beetles occur in sandy regions 

and often swarm into vineyards and destroy the blossoms and 

foliage. Spray thoroughly with arsenate of lead, 10 lbs. in 
roo gals. of water. Repeat the. application if necessary. 


Rose-chafer. 


RASPBERRY, BLACKBERRY AND DEWBERRY. 


The greenish, spiny larvae 
Saw-fly. feed on the tender leaves in 
spring. Spray with Paris 

green or arsenate of lead, or apply hellebore. 
The larvais a grub that bur- 
Cane-borer. rows down through the canes 
causing them to die. In lay- 
ing her eggs, the adult beetle girdles the tip of 
the cane with a ring of punctures causing it 
to wither and droop. In midsummer cut off 

and destroy the drooping tips. 


CURRANT AND GOOSEBERRY. 


In the spring the small green, 
Currant-worm. black-spotted larvae (Fig. 156) 

feed on the foliage, beginning 
their work on the lower leaves. A second 
brood occurs in early summer. When worms first 
appear, spray with 1 lb. Paris green or 4 lbs. 
arsenate of lead in 100 gals. of water. Ordi- 
harily the poison should be combined with Bor- 
deaux. See CURRANT LEAF-spoT., After fruit is Fig. 157. Rose aphis or plant- 
half grown use hellebore. louse. 


ROSE. 


, The green plant-lice (Fig. 157) usually work on the buds, and the 
Aphis and yellow leaf-hoppers feed on the leaves. Spray, whenever neces- 
leaf-hopper. sary, with kerosene emulsion, 
diluted with 6 parts of water, 
or whale-oil or any good soag, 1 Ib. in 5 or 6 gals. 
of water. ce 
Rose-chafer. See under GRAPE. 
Rose-slug. See under PEAR SLUG. 


STRAWBERRY. 


These large curved white grubs 


White grubs. (Fig. 158) are the larvae of ait mene 
the common June beetles. Fig. 158. Wh#te grub. 
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They live in the ground feeding on the roots of grasses, weeds, etc. Dig out 
grubs from beneath infested plants. Thorough early fall cultivation of land in- 
tended for planting will destroy many of the pupae. 


.POTATO. 


The yellow striped beetle emerges from hibernation in the spring 
Colorado and lays masses of orange eggs on the underside of the leaves. 
potato-beetle. The larvae are known as ‘‘slugs’’ and ‘‘soft-shells” (Fig. 145) and 
cause most of the injury to the vines. Spray with Paris green 
2 Ibs. in 100 gals. of water or arsenite of soda combined with Bordeaux mixture. 
It may sometimes be necessary to use a greater strength of the poison, particularly 
on the older ‘“'‘slugs.”’ 7 

These small black beetles riddle the leaves with small holes and 
Flea-beetles. cause them to die. Bordeaux mixture as applied for potato 
blight protects the plants by making them distasteful to the 

beetles. See under POTATO BLIGHT. 


CUCUMBER, MELON AND SQUASH. 


These yellow, black-striped beetles appear in numbers and 
Striped cucum- attack the plants as soon as they are up. Plant early squashes 
ber-beetle. as a trap-crop around the field. Protect the vines with screens 
until they begin to run, or keep them covered with Bordeaux 
mixture, thus making them distasteful to the beet]es. 
Squash vines are frequently 
Squash-vine killed by a white caterpillar. 
borer. which burrows in the stem 
near the base of the plant. 
Plant a few early squashes between the rows of 
the late varieties as a trapcrop. As soon as 
the early crop is harvested, remove and burn 
the vines. When the vines are long enough, 
cover them at the joints with earth in order to 
develop secondary root systems for the plant in 
case the main stem is injured. 
These dark green plant-lice 
™ Aphis. feed on the undersides of the 
leaves causing them to curl 
and wither. Spray with kerosene emulsion 
diluted with 6 parts of water. It is necessary 
thoroughly to cover the underside of the leaves; 47% 
the sprayer, therefore, must be fitted with an 4; * 
upturned nozzle. Burn the vines as soon as the ae Sa) Tae ara ponane 
crop is harvested and keep down all weeds. 
The rusty-black adult emerges from hibernation in the spring 
Squash and lays its eggs on the underside of the leaves. The nymphs 
stink-bug. suck the sap from the leaves and stalks causing serious injury. 
Trap the adults under boards in the spring. Examine the leaves 
for the smooth shining brownish eggs and destroy them. The young nymphs may 
be killed with kerosene emulsion. 
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CABBAGE AND CAULIFLOWER. 


The green caterpillars (Fig. 159) hatch from eggs laid by the com- 
Cabbage-worm. mon white butterfly. There are several broods every season. 
If plants are not heading, spray with kerosene emulsion or with 
Paris green to which the sticker has been added. If heading, apply hellebore. 
These small mealy plant-lice are especially troublesome during 
cool, dry seasons when their natural enemies are less active 
Cabbage aphis. Before the plants begin to head, spray with kerosene emulsion 
diluted with 6 parts of water, or whale-oil soap, 1 Ib. in 6 gals. 
of water. 
The white maggots that feed on the roots (Fig. 160) hatch from 
Cabbage — eggs laid by a small fly somewhat resembling the common house 
root-maggot. fly, near the plant at the surface of the ground. Hollow out the 
earth slightly around every plant and freely apply carbolic acid 
emulsion diluted with 30 parts of water. Begin the treatment early, a day or two 
after the plants are up or the next day after they are set out. Repeat the applica _..... : 


Fig. 160. Cabbage root-maggots. 


tion every 7 to 10 days until the latter part of May. It hasalsobeen found practic- 
able to protect the plants by the use of tightly fitting cards cut from tarred paper. 
Cornell Bulletin 78. 


ONION. 


Onion tops frequently turn white and die as the result of the 
Onion thrips. feeding punctures caused by these minute yellowish insects. 
The injury is know as ‘white blast.” Spray thoroughly with 
kerosene emulsion diluted with 6 parts water, or whale-oil soap, 1 lb. in 4 gals. of 
water. 
Onion maggot. For treatment see CABBAGE ROOT-MAGGOT. 
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GREENHOUSE INSECTS. 


The nymphs are small greenish, scale-like insects found on the 
White-fly. underside of the leaves; the adults are minute, white, mealy 
winged flies. Spray with kerosene emulsion or whale-oil soap; 
or if infesting cucumbers or tomatoes, fumigate over night with hydrocyanic acid 
gas, using 1 oz. of potassium cyanide to each 1000 cubic,feet of space. 
Spray with kerosene emulsion when practicable, or fumigate 
Green aphis. with.one of the tobacco preparations. If on violets, fumigate, 
using 4 to 3 oz. potassium cyanide for every 1000 cu. ft. of space 
and leave the gas in from } to 1 hour. 
: This plant-louse is harder to kill than the green aphis, but may 
Blacks aphid: be controlled by the same methods. 
Red-spider. Syringe off the plants with clear water two or three times a week, 
taking care not to drench the beds. 
Violets grown under glass are often greatly injured by a very 
Violet gall-fly. small maggot, which causes the edges of the leaves to curl, turn 
yellowish and die. The adult is a very minute fly resembling a 
mosquito. Pick off and’ destroy infested leaves as soon as dis- 
covered. Fumigation is not advised for this insect or for red-spider. 


III. INSECTICIDES. 
M. V. SLINGERLAND AND C. R. CROSBY. 


This can be applied in a stronger mixture than other arsenical 

Arsenate poisons without injuring the foliage. It is, therefore, much 

of lead. used against beetles and other insects that are hard to poison. 

It comes in the form of a paste and should be mixed thoroughly 

with a small amount of water before placing in the sprayer, else the nozzles will 

clog. Arsenate of lead and Bordeaux mixture can be combined without lessening 

the value‘of either. It is used in strengths varying from 4 to 10 lbs. per 100 gals., 
depending on the kind of insect to be killed. 

This is used in varying strengths, depending on the insect to be 

Paris green. controlled and the kind of plant treated. Mix the Paris green 

into a paste and then add to the water. Keep the mixture 

thoroughly agitated while spraying. If for use on fruit trees, add 1 lb. of quick 

lime for every pound of Paris green to prevent burning the foliage. For potatoes 

it is frequently used alone, but it is much safer to use the lime. Paris green and 

Bordeaux mixture may be combined without lessening the value of either and the 

caustic action of the arsenic is prevented. 

(For use with Bordeaux mixture only). Sal soda 2 Ibs.; water 

Arsenite 1 gal.; arsenic 1 lb. Mix the white arsenic into a paste and then 

of soda. add the sal’soda and water and boil until dissolved. Add water 

to replace any that has boiled away so that 1 gallon of stock 

solution is the result. Use 1 quart of this stock solution to 50 gallons of Bordeaux 

mixture for fruit trees. Make sure there is enough lime in the Bordeaux mixture 
to prevent the caustic action of the arsenic. 
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(For use without Bordeaux mixture). Sal soda, 1 Ib., water, 

Arsenite 1 gal. white arsenic, 1 lb., quick lime, 2 Ibs. Dissolve the 

of lime. white arsenic with thé water and sal soda as above and 

use this solution while hot to slake the 2 Ibs. of lime. Add 
enough water to make 2 gallons. Use 2 quarts of this stock solution in 50 gallons 
of water. 
For wet application, use fresh white hellebore, 1 oz., water, 2 or 
Hellebore. 3 gals., For dry application, use hellebore, 1 Ib., flour or air- 
slaked lime, 5 lbs. This is a white, yellowish powder made from 
the roots of the white hellebore plant. It loses its strength after a time and should 
be used fresh. It is used as a substitute for the arsenical poisons on plants or fruits 
soon to be eaten. 
Hard, soft or whale-oil soap, 4 lb., water, x gal., kerosene, 
Kerosene 2 gals. Dissolve the soap in hot water; remove from the fire 
emulsion. while still hot and add the kerosene. Pump the liquid back into 
itself for five or ten minutes or until it becomes a creamy mass. 
If properly made the oil will not separate out on cooling. 

For use on dormant trees, dilute with from 5 to 7 parts of water. For killing 
plant-lice on foliage dilute with from ro to 15 parts of water. Crude oil emulsion 
is made in the same way by substituting crude oil in place of kerosene. The 
strength of oil emulsions are frequently indicated by the percentage of oilin the 
diluted liquid: 

For a 10% emulsion add 17 gals. of water to 3 gals. stock emulsion. 

For a 15% emulsion add 10} gals. of water to 3 gals. stock emulsion. 

Fora 20 %emulsion add 7 gals. of water to 3 gals. stock emulsion. 

Fora 25% emulsion add 5 gals. of water to 3 gals. stock emulsion. 


Soap, 1 lb.; water, 1 gal.; crude carbolic acid, 1 pint. Dissolve 

Carbolic acid the soap in hot water, add the carbolic acid and agitate into an 

emulsion. . emulsion. For use against root-maggots, dilute with 30 parts 

of water. = 

This is a valuable insecticide and is used in several forms. As 

Tobacco. a dust it is used extensively in greenhouses for plant-lice, and in 

nurseries and about apple trees for the woolly aphis. Tobacco 

decoction is made by steeping or soaking the stems in water. It is often used as 

a spray against plant-lice. Tobacco in the form of extracts, punks and powders is 
sold under various trade names for use in fumigating greenhouses. | 

An effective insecticide for plant-lice is whale-oil soap. Dis- 

solve in hot water and dilute so as to obtain one pound of soap to 

every five or seven gallons of water. This strength is effective 

against plant-lice. It should be applied in stronger solutions, 

however, for scale insects. Home-made soaps and good laundry soaps, like ivory 

soap, are often as effective as whale-oil soap. 

There are now on the market a number of preparations of petro- 

ent : leum and other oils intended primarily for use against the San 

Miseable ule, José scale. They mix readily with cold water and are immedi- 

ately ready for use. While quickly prepared, easily applied and 

generally effective, they cost considerably more than lime-sulfur wash. They are, 

however, less corrosive to the pumps and more agreeable to use. They are especi- 


Soaps. 


348 


ally valuable to the man with only a few trees or shrubs who would not care to go 
.to the trouble and expense to make up the lime-sulfur wash. They should be 
diluted with not more than ro or 12 parts of water. Use only on dormant trees. 

A good miscible oil can be made at home but it involves considerable labor and 
unless proper ‘grades of the different materials are used there will be difficulty in 
combining them. Manufacturers of soaps and oils are now properly combining 
these materials and offering the resulting emulsifiers at reasonable prices that are 
considerably less than the cost of the proprietary miscible oils. 

Quicklime, 20 Ibs. ‘ 

Lime and = Sulfur (flour or flowers) 15 Ibs. 
sulfur wash. Water, 50 gals. 

The lime and sulfur must be thoroughly boiled. An iron kettle 
is often convenient for the work. Proceed as follows: Place the lime in the kettle. 
Add hot water gradually in sufficient quantity to produce the most rapid slaking of 
the lime. When the lime begins to slake, add the sulfur and stir together. If con- 
venient keep the mixture covered with burlap to save the heat. After slaking has 
ceased, add more water and boil the mixture one hour. As the sulfur goes into solu- 
tion, a rich orange red or dark green color will appear. After boiling sufficiently, 
add water to the required amount and strain into the spray tank. The wash is most 
effective when applied warm, but may be applied cold. If one has access to a steam 
boiler, boiling with steam is more convenient and satisfactory. Barrels may be 
used for holding the mixture, and the steam applied by running a pipe or rubber 
hose into the mixture. Proceed in the same manner as for boiling in the kettle 
until the lime is slaked, when the steam may be turned on. Continue boiling for 
45 minutes to an hour, or more if necessary to get the sulfur well dissolved. 

This mixture can be applied safely only when the trees are dormant,—late in 
the autumn after the leaves have fallen, or early in the spring before the buds swell. 
It is mainly an insecticide for San José scale, although it has considerable value as a 
fungicide for certain diseases, like the peach leaf-curl. As the San José scale is not 
killed unless the solution comes in contact with it, great care should be exercised 
to completely cover the branches. 

Proprietary lime-sulfur washes are now on the market and are reported 
effective when used at the rate of 1 gallon of the wash to not more than 8 or 9 gallons 
of water. 

Hydrocyanic acid gas is a deadly poison and the greatest care is 

Fumigation required in its use. Always use 98 to 100% pure potassium 
with hydrocy- cyanide and a good grade of commercial sulphuric acid. The 
f anic acid gas. chemicals are always combined in the following proportion: 

Potassium cyanide, 1 0z.; sulphuric acid, 2 fluid ozs.; water, 4 
fluid ozs. Always use an earthen dish, pour in the water first, and add the sulfuric 
acid to it. Put¥the'required amount of cyanide in a thin paper’, bagtandfwhen all 
‘is ready, drop it into the liquid and leave the room immediately. For mills and 
dwellings, use 1 oz.‘of cyanide for every 100 cubic feet of space. Make the ‘doors 
and windows as tight as possible by pasting strips of paper over the cracks. Re- 
move the silver-ware and food, and if brass and nickel work cannot be removed 
cover with vaseline. Place the proper amount of the acid and water for every room 
in a-gallon jars. Use two or more in large roomsor halls. Weigh out the potassium 
cyanide in paper bags and place them near the jars. When all is ready, drop the 
cyanide into the jars, beginning on the top floors, since the furnes are lighter than air. 
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In large buildings, it is frequently necessary to suspend the bags of cyanide over the 
jars by cords running through screw eyes and all leading to a place near the door. 
By cutting all the cords at once the cyanide will be lowered into the jars and the 
operator may escape without injury. Let the fumigation continue all night, lock- 
ing all outside doors and placing danger signs on the house. 

No general formula can be given for fumigating the different 
kinds of plants grown in greenhouses, as the species and varieties 
differ greatly in their ability to withstand the effects of the gas. 
Ferns and roses are very susceptible to injury, and fumigation - 
if attempted at all should be performed with great caution. 
Fumigation will not kill insect eggs and thus must be repeated when the new brood 
‘appears. Fumigate only at night when there is no wind. Have the house as dry 
as possible and the temperature as near 60° as practicable. 


Fumigation of 
greenhouses. 


IV. THE CONTROL OF PLANT DISEASES. 
H. H. WHETZEL AND F. C. STEWART. 
ALFALFA. 


This disease causes 
Dodder. small areas of alfalfa : Ng 
to die. Around the 
margins of these areas the ground is 
covered with a tangled mat of yellow 
threads that twine closely about the 
plants and kill them (Fig. 161). 
Infested spots should be closely 
mowed; the stubble sprinkled with 
kerosene, covered with dry hay 
and burned. Only seed free from 
dodder should be used. Samples of 
seed may be sent the Geneva Experi- 
ment Station to be examined for dodder. 
Alfalfa seed can ‘be cleaned by sifting 
through 20x20 mesh sieve made of No. 
34 wire. See Geneva Circular No. 8. 
This is the most 
Leaf-spot. serious fungous dis- 
ease of the crop inthe 
State. It causes the leaves to become 
spotted and yellow and to fall pre- 
maturely. New seeding when badly 
diseased, should be topped, but never . 
mowed closely. When older fields are Fig. 161. Dodder on alfalfa, showing the - 
attacked, the hay should be cut a few Se tia and the bunches 
days early to avoid loss of leaves and 
to permit a new growth that will usually outgrow the trouble. (Fig. 162.) 
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APPLE. je 
Commonly known among growers as ‘“‘the fungus.” Usually | 
Scab. most evident on the fruit. Spray with Bordeaux 5-5-50 or 


3-3-50; first, just before the blossoms open; second, just 
as the blossoms fall; third, 10 to 14 
days after the blossoms fall. The second 
spraying seems to be the most important. 
Spray thoroughly. For the use of insect 
poisons with Bordeaux mixture, see CODLING- 
MoTH and BUD-MoTH. See also Cornell Bulle- 
tins 84 and 226. (Fig. 163.) - 
‘This is the same as Pear 
Fire-blight. blight. It usually makes 
itself manifest on the apple 
trees in three forms, blossom blight, twig 
blight, and blight cankers on limbs and body 
(Fig. 164). This disease is caused by bac- 
teria which are distributed by bees and flies 
and is not controlled by spraying. Cutting 
out and destroying the diseased parts are the : 
chief measures . be taken. Cut out blighted Ig, 1Gae, ANjaipa leapapot 
twigs in young trees as fast as they appear. The bacteria of this disease are 
carried over winter in cankers on the main limbs and bodies of the trees. Remove 
all such cankers with sharp knife cutting well into the healthy bark and wash 
the wound with corrosive sublimate, 1 part to 
1000 of water. Then paint the wound with heavy 
lead oil paint. See Cornell Bulletin, 236. Destroy 
or clean up all old pear and apple trees about the 
premises because such trees harbor the disease. 
This important fungous disease © 
New York should not be confused with the 
apple-tree ‘‘blight canker.” Cankers are 
canker. usually found on the main limbs 
of old trees, black and rough 
(Fig. 165). Canker is very common on’ Twenty 
Ounce. Since=the fungus enters through wounds, 
avoid breaking the bark. All wounds made in 
pruning should be promptly painted over. Cut — 
out cankers and treat as for “blight cankers.” Fig. 163. Apple-scab. 
Spray early in spring before the buds start with 
Bordeaux, 10-10~50, or soak the body and the limbs when making first”applica- 
tion for scab. See Geneva Bulletins 163 and 185. : 


ASPARAGUS. 
The most common and destructive disease of asparagus rust 
Rust. produces reddish or black pustules on the stems and branches. 


Late in the fall, burn all affected plants. Fertilize liberally and 
cultivate thoroughly. During the cutting season, permit no plants to mature and 
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cut all wild asparagus plants in vicinity once a week. Rust may be partially con- 
trolled by spraying with Bordeaux, 5~s—so containing a sticker of resin-sal soda 
soap (See page 362), but it is a difficult and expensive operation and probably not 
profitable except on large acreage. Begin spraying after cutting as soonas new 
shoots are 8 to ro inches high and repeat once or twice a week until about Septem- 
ber 15. See Geneva Bulletin 188. Dusting with sulfur has proved effective in 
California. See California Bulletins 165 and 172. Plant the varieties leastaffected 
by rust. 


- BEANS. 


A fungous disease com- 
Anthracnose monly known among grow- 
or pod-spot. ersas “rust.” It is carried 
over from one season to 
another in the seed. Plant clean seed 
obtained by selecting pods free from the 
diseased spots. Hand-sorting of seed, and 
seed treatment will not control this disease. 
When beans can be thoroughly hand-sprayed 
Bordeaux, 5—5—50, will control the trouble. 
Spray, first, just when the plants break 
through the ground; second, when first pair of 
leaves are expanded; third, when the pods 
have set. See Cornell Bulletin 239, also New 
Jersey Bulletin 151. (Fig. 166.) 
A bacterial disease. Like 
Blight. the anthracnose, blight is 
carried over in theseed. It 
is difficult to control. It affects the leaves 
chiefly, forming large dead spots. Spraying 
with Bordeaux, as for anthracnose, is said to 
reduce the injury. See Cornell Bulletin 239 
and New Jersey Bulletin rsr. Fig. 164. Blight canker of apple. 


CABBAGE—CAULIFLOWER. 


In this bacterial disease, bacteria get into the sap-tubes of the 

Black-rot. leaves clogging them and turning them black; the plants drop 

their leaves and fail to head. Practice crop rotation; soak seed 

15 minutes in a solution made by dissolving one corrosive sublimate tablet 

in a pint of water. Tablets may be bought at drug stores. See Geneva 

Bulletins 232 and 251, 

This is a slime mold disease. The parasite lives in the soil. 

Club-root or Practice crop rotation. Set only healthy plants. Do not use man- 

club-foot. ure containing cabbage refuse. If necessary to use infested 

land apply good stone lime, 2 to 5 tons per acre. Apply at 

least as early as the autumn before planting; two to four years is better. Lime 

the seedbed in same manner. See New Jersey Bulletin 98. This disease is some- 
times confused with cabbage maggots, which see. (Fig. 167.) 
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CARNATION. 


The cause of this disease is a soil fungus. The plants wilt 

Rhizoctonia, suddenly. The stem is affected with soft rot at or below the 
stem-rot. surface of the soil. In the field, change location of the plants 
frequently; annually, if possible. In the benches, used sterilized 


soil or at least use fresh soil. After transplanting into 
the greenhouse, keep the temperature as low as 
possible until the plants become established. Stir the 
soil frequently. Avoid over-watering. See Geneva 
Bulletin 186. 
This is a dry rot. Plants affected 
Fusarium, by this disease die slowly, usually 
stem-rot. abranchatatime. The treatment 
same as for Rhizoctonia stem-rot. 
This disease can be recognized by 
Rust. the brown, powdery pustules on the 
stem and leaves. Plant only the 
varieties least affected by it. Take cuttings only from 
healthy plants. Spray (in the field, once a week; in 
the greenhouse, once in two weeks) with copper 
sulfate, 1 lb. to 20 gals. of water. Keep the greenhouse 
air as dry and cool as is compatible with good growth. 
Keep the foliage free from moisture. Train the plants 
so as to secure a free circulation of air among them. 
See Geneva Bulletin 100. 
Round, grayish spotson the stemand 
Leaf-spot. leaves are evidences of this disease. 
Treatment is the same as for rust. 


CELERY. i 


This is sometimes known as ‘‘early 

Cerospora, blight.” It often appears in the seed- 

leaf-blight. bed and becomes destructive early 

in the summer. It is favored by hot 

weather, either wet or dry. Spray with ammoniacal 

copper carbonate, 6-3-45, making about five or eight 

applications beginning while the plants are still in the 

seed-bed. Bordeaux, 5—s—so, may be used for the 

earlier application. Spray often enough to ,keep new 

growths of leaves covered; destroy diseased plants and 
refuse. See Cornell Bulletin 132. . : 


Fig. 165. New York apple- 
tree canker. 


: Leaf blight is a fungous disease appearing late in the season. 
Septoria, leaf- It is often destructive after celery:is stored. The same treat- 
blight or ment as for “early blight” is used except that spraying should 
“late blight.” be continued up to the time the plants are harvested. See 
Cornell Bulletin 132. Well-drained celery fields, half-shaded do 


not seem to suffer from either blight. 
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CHERRY. 


A fungus, the spores of which are carried from tree to tree by 

Black-knot. the wind and thus spread .the infection is the cause of this dis- 

ease. The same fungus also affects plums. Cut out and burn all 

lmots as soon as discovered. See that the knots are removed from all plums and 
cherry trees in the neighborhood. See Cornell Bulletin 81. 

Produced by the same fungus that causes the brown rot of plums 

so lat Nae and peaches. See Corneil Bulletin 98, pp. 409-410. See also 

5 Geneva Bulletin 98. See page 362. 


Fig. 166. 
Bean an- 
thracnose. Fig. 167. Club-root of cabbage. 


This is a fungous disease in which the leaves become thickly 
Leaf spot. covered with reddish or brown spots and fall prematurely; 
badly affected trees winterkill. Often, the dead spots drop out 
leaving clear-cut holes. Spray with Bordeaux, 5-5-s0. Make four applications; 
first, just before blossoms open: second, when fruit is free from calyx; third, 
two weeks later; fourth, two :eks after third. See Michigan Board Agriculture 
Report 1906, p. 103. 
It attacks leaves at the tip of the growing shoots and is often 
Powdery serious on nursery stock. The leaves curl and show white mealy 
mildew. growth of the fungus. Dust heavily with sulfur or spray with 
potassium sulfide, 1 oz. to 3 gals. water. 


f 
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CHRYSANTHEMUM. 


This is also a fungous disease. Spray with Bordeaux, 55-50, 
Septoria, every ten days or often enough to protect new foliage. Am- 
leaf-spot. | moniacalcopper carbonate may be used but it is not so effective. 
See Geneva Annual Report 1892, p. 558. 


Rust. Treat as for leaf-spot. Avoid wetting foliage when watering. 
CUCUMBER. 
This is a disease caused by bacteria that get into the sap-tubes 
Wilt. of the leaf and stem, clogs and destroys them, causing the plant 


to wilt. The bacteria are distributed chiefly by striped cucum- 
ber beetles. Destroy the beetles or drive them away by thorough spraying with 
Bordeaux,5—5—50. Gather and destroy all wilted leaves and plants. The most 
that can be expected is that the loss may be slightly reduced. 
This most serious fungous disease of the cucumber is known 
Downy among growers as ‘‘the blight.”” The leaves become mottled 
mildew. with yellow, show dead spots and then dry up. Spray with 
Bordeaux, 5-5-50. Commence spraying when the plants begin 
to run and repeat every 10 to 14 days throughout the season. See Geneva Bulle- 
tins 119 and 156. 


CURRANT. 


This is caused by two 
Leaf-spots and or three different fungi. 
anthracnose. The leaves become spot- 
ted, turn yellow and fall 
prematurely. It may be controlled by 
three to five sprayings with Bordeaux, 
5-5-50, but it is doubtful whether the 
disease is sufficiently destructive on the 
average to warrant so much expense. 
Upon the first appearance of currant worms 
spray with Bordeaux and Paris green (1 lb. 
to 100 gals. or arsenate of lead, 4 Ibs. to 
too gals). Repeat if a second brood of 
worms appears. See Iowa Bulletin 30 and Fig. 168. Currant leaf-spot. ' 
Geneva Bulletin 199. (Fig. 168.) , 
Very destructive in the Hudson Valley. Canes die suddenly 
Cane-blight while loaded with fruit and leaves like those attacked by the 
or wilt cane borer. Caused by a fungus which kills the bark, in 
places and discolors the woo. No definite line of treat- 
ment has been established, but the following is suggested. Beginning , when 
the plants are small go over the plantation three or more times every summer 
and cut out and burn all canes showing signs of disease. See Geneva Bulletin 167, 
Pp. 292. 
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GINSENG. 


This is the most destructive and common disease of cultivated 
Alternaria ginseng. First, spray the surface of the soil thoroughly with 
blight. copper sulfate solution, 1 Ib. to 10 gallons, early in the spring 
before the plants come through; second, spray with Bordeaux, 
5-5-50, as soon as the plants begin to break through the soil. Add sticker (see 
page 32). Spray repeatedly while the plants are coming through the soil, making 
a special effort to spray the stems as it is on these that the disease first becomes 
established in the spring. Spray to keep plant thoroughly covered throughout 
the season. Spray seed heads thoroughly just after the blossoms fall and again 
when the berries are two-thirds grown, to prevent “blast” caused by the Alternaria 
fungus. Destroy diseased tops. See Special Crops, Feb. 1907, Vol. 6, No. 54, p. 22. 
A disease caused by a fungus in the sap-tubes of the root. Wilt 
Wilt. is checked by removing the wilted plants as soon as discovered. 
See Cornell Bulletin 219. 

Root-rots. These are caused by different soil fungi. Favored by wet soggy 

soils. Drain the soil thoroughly. 


GOOSEBERRY. 


The fruit and leaves are covered with a dirty white growth of 
Powdery fungus. In setting a new plantation, choose a site where the 
mildew. land is well underdrained and where there is a good circulation 
of air. Cut away drooping branches. Keep the ground under- 
neath free from weeds. Spray with potassium sulphide, 1 oz. to 2 gals; com- 
mence when the buds are breaking and repeat every 7 to 10 days until the fruit 
“is gathered. Powdery mildew is very destructive to the European varieties. See 
Geneva Bulletins 133 and 161. 
GRAPE. 
This is the most destructive fungous disease of grapes in this 
Black-rot. state. It is carried over from one season to the next chiefly in 
old rotted berries or “mummies” that fall to the ground or 
cling to the vines. Remove all mummies that cling to the arms at trimming time. 
Plow early, turning under all old mummies and diseased leaves. Rake all refuse 
under the vine into the last furrow and cover with the grape hoe. This cannot 
be too thoroughly done. The disease is favored by wet weather and weeds or grass 
in the vineyard. Use surface cultivation and keep down allweedsandgrass. Keep 
the vines well sprouted; if necessary sprout twice. Spray with Bordeaux mixture, 
5-5-50, until the middle of July, after that with ammoniacal copper carbonate. 
The number of sprayings will vary with the season. Make the first application 
when the third leaf shows. Infectionstake place with each rain, and occur through- 
out the growing season. The foliage should be protected by a coating of the spray 
before every rain. The new growth, especially, should be well sprayed. When 
the foliage becomes dense the clusters should be sprayed with a “‘trailer” or hand- 
spraying device, about four applications of Bordeaux mixture and two of the 
ammoniacal copper carbonate will be necessary. Apply 80 to roo gallons of spray 
to the acre. Use roo to 140 Ibs. pressure; use a 1-16 inch hole in the disk of the 
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nozzle. See Cornell Bulletin 254. For use of insecticides in Bordeaux, see 


“STEBLY-BEETLE.”’ 2 
This is a fungous disease most evident on the leaves making large 
Downy brown spots on upper surface with white downy growth beneath. 
mildew. Tt also attacks the green fruit, causing what is known to growers 

as “hard white berry.” Bordeaux as applied for BLACK ROT will 


control this disease. 
LETTUCE. 


This is a fungous disease often destructive in greenhouses, dis- 

Drop or rot. covered by the sudden wilting of the plants. It is completely 

controlled by steam steriliza- 

tion of the soil to the depth of two inches or 

more. If it is not feasible to sterilize the soil, 

use fresh soil for every crop of lettuce.®.. See 
Massachusetts Bulletin 69. 


MUSKMELON. 
This is commonly called 
Downy “blight” and is a very trouble- 
mildew. some disease. The leaves show 


angular, dead brown spots 
then dry up and die; the fruit often fails to 
ripen and lacks flavor. It is caused by the same 
fungus as is the downy mildew of cucumbers; 
no effective method of control is known. While 
Bordeaux has proven effective in controlling 
the downy mildew on cucumbers it seems to be 
of little value in fighting the same disease on 
melons. See Report of Botanist Connecticut 
Station, 1904. 

This is same as the wilt of 


Wilt. cucumbers; same treatment is 
given. 
OATS. 
The most common and de- i) 
. Smut. structive disease of oats is Fig. 169. Ginseng blight. 


smut, carried over from one 

season to the next by fungus spores on the seed. Entirely prevented by treat- 
ing the seed oats before planting with a solution of formalin, 1 pint to 45 or 50 
gallons of water. Place the oats on a clean floor and sprinkle on the formalin as 
they are shoveled over. Use one gallon to the bushel. Mix the oats thoroughly, 
then shovel them into a pile and cover with blankets or canvas. After standing 
in the pile from two to four hours the oats, if they are to be drilled should be 
spread out to dry; or they may be sown by hand without drying. Use one peck 
more seed per acre to allow for swelling of the grain. Treatment once in three 
years is usually sufficient to prevent material loss from smut. See U. S. Farmers 
Bulletin 250 and Wisconsin Bulletin 111. 
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ONION. 


or blight as it is commonly called is a fungous disease, much like 

Mildew. the blight of potatoes. Spray with Bordeaux, 5—s5—so, begin- 

ning when the plants show three leaves. Repeat every ten days 

until crop is harvested. Add one gallon sticker (see page 362) to every 50 gallons 

of the mixture. It is useless to begin spraying after the disease appears. See 

Cornell Bulletin 218. 

This can be detected by the black pustules on the leaves and 

Smut. bulbs. It is troublesome only where onions are grown exten- 

sively; it may attack the seedlings killing them outright, or 

may appear on mature bulbs in fall. Onions from sets or those 

started in clean soil and transplanted seldom suffer. Practice crop rotation. 

Drill into the rows when planting seed, roo lbs. sulfur and 50 lbs. air-slaked lime 
mixed, to the acre. See Geneva Bulletin 182. 


PEACH. 


is the most serious fungous disease of stone fruits in this state 
Brown-rot and one of the most difficult to control. Plant resistant varieties. 
Prune the trees so as to let 
in sunlight and air. Thin the fruit well. As 
often as possible pick and destroy all rotten 
fruits. In the fall destroy all fruits remaining 
on the trees and on the ground. Spray with 
Bordeaux mixture before the buds break. 
Owing to danger of injuring the foliage later 
applications of copper compounds are not 
recommended. The self-boiled lime-sulfur 
wash (see page 362) is now being advocated 
for the control of this and other diseases of 
peach. In some experiments carried on by 
the U. S. Dept. Agr. 1907 the loss from this 
disease was reduced from 73% on unsprayed 
trees to about 10% on sprayed rows. The 
new remedy is at least worth a trial. Spray 
with self-boiled lime-sulfur wash, 10-15-50. 
First application when fruit is about the size 
of the end of yourthumb. Repeat every two 
weeks until about two weeks before fruit 
tipens. See American Pomological Society 
Report 1907, also Report Missouri Horti- 
cultural Society, 1907. (Fig. 170.) 
is a fungous disease in which the leaves become swollen and 
Leaf-curl distorted in spring and drop during June and July. Elberta is 
an especially susceptible variety. Easily and completely con- 
trolled by spraying the trees once, before the buds swell with Bordeaux, 5-5-50, 
or with the lime-sulfur mixtures used for San José scale (see under fungicide). See 
Cornell Bulletins 164 and 180, Michigan Special Bulletins 27 and 30. Copper 
sulfate 2 Ibs. 


Fig. 170 Mummies on peach tree, 
; the result of brown-rot. 
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to 50 gals. water is also effective. The addition of lime, however, makes it easy 
to tell where the spray has been applied. 
This often proves troublesome in wet seasons and particularly 
Black-spot in damp or sheltered situations. While this disease attacks the 
or scab. twigs and leaves it is most conspicuous and injurious on the 
fruit where it appears as dark spots or blotches. In severe 
attacks, the fruit cracks. In the treatment of 
this disease, it is of prime importance to secure 
a free circulation of air about the fruit. Ac- 
complish this by avoiding low sites, by pruning 
and by removal of windbreaks. Spray as for 
leaf-curl and follow with two applications of 
potassium sulfide, 1 oz. to 3 gals. the first being 
made soon after the fruit is set and the second 
when the fruit is half grown. The self-cooked 
lime-sulfur wash has been shown to be very 
effective against this disease. See BROWN ROT. 
(Fig. 171.) 
; is a so-called ‘physiological 
Yellows disease.”’ Cause unknown. 
; Contagious and quite serious ' 
in some; localities. Known by the premature Fig.171. Black-spot on peach. 
ripening of the fruit, by red streaks and spots 
in the fruit flesh and by the peculiar clusters of sickly, yellowish shoots -that 
appear on the limbs here and there. Eradication is the only means of control. 
Dig out and burn diseased trees as soon as discovered. 


PEAR. 


This is the same as fire blight of apple but it is more destructive 
Fire-blight. to pears. It kills the twigs and branches on which the leaves 
suddenly blacken and die but do 
not fall. It also produces cankers on the trunk and 
large limbs. Prune out blighted branches as soon as 
discovered, cutting 6 to 8 inches below the lowest 
evidences of the disease. Clean out limb and body 
cankers as described for fire blight on apple trees. 
Disinfect all large wounds with corrosive sublimate 
solution, 1 to 1000, and cover with coat of paint. 
See Cornell Bulletin 236. Avoid forcing a rapid, 
succulent growth of wood. Plant the varieties least 
affected. 
is a fungous disease very similar to 
Scab apple scab but it is not the same, 
however, It is very destructive to 
some varieties, as for example, Flemish Beauty and 
Seckel. Spray three times with Bordeaux as for 
apple scab. See Cornell Bulletin 145 and Geneva 
Bulletins 67 and 84. (Fig. 172.) Fig. 172. Pear-scab. 
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PLUM. 


is the same as brown rot of peach, , 
Brown-rot and should be treated in the same ~ 
way. (Fig. 173.) 
This is the same as leaf-spot of 
Leaf-spot. cherry and may be controlled by 
* two or three applications of Bor- 
deaux, 5-5-50. Make the first one about ten days 
after-the blossoms fall and the others at intervals of 
about three weeks. This applies to European varie- 
ties. Japan plums should not be sprayed with Bor- 
deaux. See Geneva Bulletins 98 and 117. 
is the same disease as black knot of 
Black-knot cherries and is controlled .1 same Fig. 173.  Brown-rot on 
way. Forcontrol of this disease by plum. 
spraying see Cornell Bulletin 81. 


POTATO. 


There are different kinds of potato blight and rot. The most 
Blight and rot. important are early blight and late blight—both fungous diseases. 
Early blight affects only the foliage. Late blight kills the foliage 
and often rots the tubers. Two serious troubles often mistaken for blight are: 
(r) Tip burn, the browning of the tips and margins of the leaves due to dry 
weather; and (2) flea-beetle injury, in which the leaves show numerous small 
holes and then dry up. The loss from blight and flea-beetles is enormous—often, 
one-fourth to one-half the crop. For blight, rot and flea-beetles spray with Bor- 
deaux, 5-5—50. For addition of insect poisons see POTATO FLEA-BEETLES. Com- 
mence when the plants are 6 to 8 inches high and repeat every Io ‘to 14 days 
during the season, making 5 to 7 applications in all. Use from 40 to too gallons 
per acre at each application. Under conditions exceptionally favorable to blight 
it will pay to spray as often as once a week. See Geneva Bulletins 101, 123, 
221, 241, 264, 267, 279 and 290. 
is caused by a fungus that 
Scab attacks the surface of the 
tubers. It is carried over 
on diseased tubers and in the soil, In general, 
when land becomes badly infested with scab 
it is best to plant it with other crops for sev- 
eral years. See Vermont Bulletin 85 and 
Maine Bulletin 141. 


QUINCE. 


This is a fungous disease 

Leaf and Fruit producing round, reddish- 
Spot. brown spots on the leaves 
andfruit. Spray three times 

with Bordeaux as for apple and pear scab. ; : 
See Cornell Bulletin 145. (Fig. 174.) Fig. 174. Fruit-spot on quince. 


. 
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RASPBERRY. 


is very destructive to black raspberries but not often injurious 
Anthracnose to the red varieties. It is detected by the circular or elliptical, 
gray, scab-like spots on the canes. Avoid taking young plants 
from diseased plantations. Remove all old canes and badly diseased new ones as 
soon as the fruit is gathered. Although spraying with Bordeaux, 
s—s—so, will control the malady, it may not be profitable. If 
spraying seems advisable make the first application when the new 
canes are 6 to 8 inches high and follow with two more at intervals 
of 10 to 14 days. See Geneva Bulletin 124. (Fig. 175.) 
This is a destructive disease affecting both red 
Cane-blight and black varieties. Fruiting canes suddenly 
or wilt. wilt and die. It is caused by a fungus which 
attacks the cane at some point and kills the bark 
and wood thereby causing the parts above to die. No successful 
method of treatment is known. In making new settings use only 
plants from healthy plantations. Remove the fruiting canes as 
soon as the fruit is gathered. See Geneva Bulletin 226. 
is often serious on black-varieties but does not 
Red-rust affect red ones. It is the same as red rust of 
blackberry. Dig up and destroy affected plants. 
This is often destructive, particularly to the red 
Crown gall or varieties. It is detected by the large, irregular 
root-knot. knots on the roots and at the crown under- 
. ground. It is a contagious disease. Never set 
plants showing root-knots. Avoid planting on infested land. The 
same disease occurs_on’ peaches. % 


ROSE. 


is one of the commonest diseases of the rose. 
Black leaf spot It causes the leaves to fall prematurely. Spray 

with Bordeaux, 5-5—50, beginning as soon as 
the first spots appear on the leaves. Two or three applications 
at intervals of ten days will very largely control the disease. 
Ammoniacal copper carbonate may be used on roses grown under 
glass. Apply once a week until disease is under control. 

For greenhouse roses, keep the steam pipes Fig. 175. Rasp- 

Mildew. painted with a paste made of equal parts lime sede aniheeae: 

and sulfur mixed up with water. The mildew , 
is a surface-feeding fungus and is killed by the fumes of the sulfur. Out-door 
roses that become infested with the mildew may be dusted with sulfur or sprayed 
with a solution “of potassium sulfide, 1 oz. to 3 gallons water. Spray or dust with 
the sulfur two or three times at intervals of a week or ten days. 


STRAWBERRY. 


is the most common and serious fungous disease of the straw- 
Leaf-spot berry. It is also called¥rust and leaf-blight. The leaves show 
spots which are, at first, of a deep purple color, but later enlarge 
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and the center becomes gray or nearly white. The fungus passes the winter in the 
old, diseased leaves that fall to the ground. In setting new plantations, remove 
all diseased leaves from the plants before they are taken to the field. Soon 
after growth begins, spray the newly set plants with Bordeaux, 5—s—so. Make 
three or four additional sprayings during the season. The following spring, spray 
just before blossoming and again 10 to 14 days later. If the bed is to be fruited 
a second time, mow the plants and burn over the beds as soon as the fruit is gath- 
ered. Plant resistant varieties. See Cornell Bulletin 79. 


TOMATO. 


is the most destructive foliage disease of the tomato in the 
_ Septoria, state. The distinguishing character of this fungous disease is 
leaf-spot that it begins on the lower leaves and works towards the top, 
killing the foliage as it goes. It is controlled with difficulty 
because it is carried over winter in the diseased leaves and tops that fall to the 
ground. When setting out plants, pinch off all the lower leaves that touch the 
ground; also any leaves that show suspicious looking dead-spots. The trouble 
often starts in the seed-bed. Spray plants very thoroughly with Bordeaux, 
5-5~-50, beginning as soon as the plants are set out. Stake and tie up for greater 
convenience in spraying. Spray under side of the leaves. Spray every week or 
ten days. 


TURNIP. 
is the same disease as the club root of cabbage. Same treat- 
Club root vent. 
is a bacterial disease, the same as soft rot of cabbage. Plant 
Soft rot on soils free from the disease. Avoid planting varieties espec- 


ially susceptible to the trouble. The white turnip seems to be 
more susceptible than the yellow varieties. 


WHEAT. 


This is usually not detected until harvest time. The affected 
heads appear nearly normal, only the kernels being attacked. 
The diseased kernels are composed of a brown, foul-smelling 
powder. They may be crushed easily between the thumb and 
finger. Readily controlled by treating the seeds with formalin solution as for oat- 
smut, which see. See U.S. Farmers’ Bulletin 250. 
is conspicuous in the field at “heading” time. Both grain and 
Loose smut chaff are attacked and transformed into a loose black powder 
most of which is blown away by harvest time leaving the stalk 
bare. It is common and destructive. In 1907, the average loss in New York was 
at least 10 per cent. This smut is not controlled by treatment with formalin or 
other chemicals, but should be prevented by treating the seeds with hot water as 
follows: Soak sack of wheat in cold water for 12 hours, drain 1 hour; submerge 
sack for ten minutes in water held at temperature of 130° F. The temperature 
must not rise above this as it would then injure the germinating ability of 
the grain. 


Stinking smut. 


362 


V. FUNGICIDES. 


H. H. WHETZEL AND C. S. WILSON. 


The most important fungicides are as follows: Bordeaux mixture, 
ammoniacal copper carbonate, potassium sulfide, copper sulfate, flowers 
of sulfur, corrosive sublimate, formalin, lime-and-sulfur wash. 

Copper sulfate, 5 lbs. 

Bordeaux Stone lime or quicklime (unslaked), 5 Ibs. 

mixture. Water, so gals. 

Bordeaux is the most important fungicide for general use. The 

strength varies according to the plant to be sprayed. The formula given above 
is the strength usually recommended. When a different strength is necessary, 
the formula is given under that disease. Stock mixtures of copper sulfate and 
lime are desirable. They are prepared in the following manner: 
Dissolve the required amount of copper sulfate in water in the 
proportion of one pound to one gallon several hours before the 
solution is needed, suspend the copper sulfate crystals in a sack 
near the top of the water. A solution of copper sulfate is heavier 
than water. As soon, then, as the crystals begin to dissolve the solution will sink, 
bringing water again in contact with the crystals. In this way, the crystals will 
dissolve much sooner than if placed in the bottom of the barrel of water. In case 
large quantities of stock solution are needed, two pounds of copper sulfate may be 
dissolved in one gallon of water. 

Slake the required amount of lime ina tub or trough. Add the 

Lime. water slowly at first, so that the lime crumbles into a fine powder. 

If small quantities of lime are used, hot water is preferred. 
When completely slaked, or entirely powdered add more water. When the lime 
has slaked sufficiently, add water to bring it to a thick milk, or to a certain number 
of gallons. The amount required for each tank of spray mixture can be secured 
approximately from this stock mixture which should not be allowed to dry out. 

Take 5 gallons of stock solution of copper sulfate for every fifty 

To make gallons of Bordeaux required. Pour this into the tank. Add 

Bordeaux, water until the tank is about two-thirds full. From the stock 

2 lime mixture take the required amount. Knowing the number 
of pounds of lime in the stock mixture and the volume of that mixture, one can take 
out approximately the number of pounds required. Dilute this a little by adding 
water, and strain into the tank. Stir the mixture, and add water to make the re- - 
quired amount. Experiment stations often recommend the diluting of both the 
copper sulfate solution and the lime mixture to one half the required amount before 
pouring together. This'is not necessary, and is often impracticable for commercial 
work. It is preferable to dilute the copper sulfate soliition Never pour together 
the strong stock mixtures and dilute afterward. Bordeaux mixture of other 
strengths as recommended is made in the same way, except that the amounts of 
copper sulfate and lime are varied according to the requirements. 

It is not necessary to weigh the lime in making Bordeaux mix- 

The ferro- ture for a simple test can be used to determine when enough of 

cyanide test, a stock lime mixture has been added. Dissolve an ounce of 
yellow prussiate of potash in a pint of water and label it ‘‘poison.” 


Copper sulfate 
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Cut a V-shaped slit in one side of the cork so that the liquid may be poured out in 
drops. Add the lime mixture to the diluted copper sulfate solution until the 
ferro-cyanide test solution will not turn brown when dropped from the bottle into 
the mixture. It is always best to add a considerable excess of lime. 


BORDEAUX INJURY. (Fig. 176.) 


Some plants are injured by the ordinary strength of Bordeaux even when 
properly made. Others, like the apple, are sometimes injured by quite a weak 
Bordeaux under certain weather conditions. The leaves of most varieties of 
stone fruits, especially, peaches, and Japanese plums are almost sure to be in- 
jured by Bordeaux except in very weak mixtures. The injury to these plants 
consists usually of small holes in the leaves, very similar in appearance to the 
shot-hole effect of certain fungi. The 
injury on apple occurs on both the 
leaves and the fruit. On the leaves it - 
consists of quite definite brown spots 
very much like certain leaf spots due 
to fungi. The injury on the fruit takes 
the form of russeting. It may even 
cause large cracks to appear. Some 
varieties of apples suffer more than 
others. Wet weather during spraying 
season appears to be one of the chief B: 
factors in the production of Bordeaux Fig. 176. 
injury on apples. It has also been 
shown that ‘‘the more copper sulfate, the greater the injury.” It is to be under- 
stood, however, that injury from Bordeaux is much less common and serious than 
injury from the fungous disease, to prevent which it is applied. For a fuller dis- 
cussion of this subject see Geneva Bulletin 287. 

Copper carbonate, 5 oz.; ammonia, 3 pts.; water, 50 gals. Dilute 

Ammoniacal the ammonia in seven or eight quarts of water. Make a paste 

copper of the copper carbonate with a little water. Add the paste to 

carbonate. the diluted ammonia, and stir until dissolved. Add enough 

water to make fifty gallons. This mixture loses strength on 

standing, and therefore should be made as required. It is used in place of Bordeaux 

where one-wishes to avoid the coloring of maturing fruits or ornamental plants. 
Probably, it is not as effective as Bordeaux. 

If large amounts of the above mixture are required, it is more econotnical for 
the grower himself to make the copper carbonate. Proceed as follows: \Dissolve 
12 Ibs. of copper sulfate (blue vitriol) in 12 gals. of water in a barrel. Dissolve 15 
lbs. of sal soda in 15 gals. of water (preferably hot). Allow the solution to cool; 
then add the sal soda solution to the copper sulfate solution, pouring slowly in 
order to prevent the mixture from boiling up and running over. A fine precipitate 
which will settle to the bottom after the mixture has stood about twelve hours is 
formed. Siphon off the clear liquid above. Wash the precipitate by adding ‘clear 
water, stirring and again allowing to settle. Siphon off the clear water; strain the 
precipitate through muslin, and allow it to dry. This is copper carbonate. The 
above amounts will make about six pounds. 


Bordeaux injury on apples. 
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Potassium sulfide (liver of sulfur), 3 oz.; water, 10 gals. As 
Potassium this mixture loses strength on standing, it should be made just 
sulfide. before using. It is particularly valuable for the powdery mil- 
dew of many plants, especially gooseberry, carnation rust, rose 
mildew, etc. 
Copper sulfate, 1 lb.; water, 15-25 gals. Dissolve the copper 
Copper sulfate in the water. It is then ready for use. One pound in 
sulfate. twenty gallons of water has been found effective against peach 
leaf-curl. This mixture should never be applied to the foliage, 
but must be used before the buds break. A much weaker solution has been recom- 
mended for trees in leaf, but it is rarely used. 
Sulfur has been found to possess considerable value as a fungi- 
Sulfur. cide. The flower of sulfur may be sprinkled over the plants, 
especially when they are wet. It is most effective in hot dry 
weather. In rose houses, it is mixed with half its bulk of lime, and made into a 
paste with water. This is painted on the steam pipes. The fumes destroy mildew 
on the roses. Mixed with lime, it has proved effective in the control of onion smut 
when drilled into the rows with the seed. Sulfur is not effective against black rot 
of grapes, and many other diseases. 
Ve Corrosive sublimate, 1 0z.; water, 7 gals. An effective solution 
Corrosive for potato scab. Soak seed potatoes one and one-half hours. 
sublimate It is also a good antiseptic for dressing wounds. After cutting 
solution. out fire blight or canker, swab the wound thoroughly with this 
solution... 
This is a gas dissélved in water. Commercially, it has a strength 
Formalin. of about forty per cent. One pint dissolved in thirty gallons of 
water is used effectively in preventing potato scab (soak tubers 
for half an hour, and plant in clean soil), or smut of oats and stinking smut of 
wheat (soak seed in solution for ten minutes, drain‘and sow the next day). 
The lime-and-sulfur wash has considerable value as a fungicide. 
Lime and For its preparation and use, see under INSECTICIDES. 
sulfur wash. A modified form of this wash, known as the ‘‘self-cooked” 
lime-sulfur wash, is now being recommended for. the spraying of 
peaches, plums and apple foliage. It is said to cause no injury 
to the leaves or fruit. Good results have been secured in controlling brown rot and 
scab of peaches. Prepare as follows: Place ten pounds of sulfur and fifteen 
pounds of stone-lime in a barrel. Add hot water slowly to slake the lime, keeping 
the mass wet, but not submerged. Stir occasionally. Part of the large lumps 
of lime thay be kept out at first and added after slaking has progressed to some 
extent, thus prolonging the slaking and heating. When slaked, dilute to fifty 
gallons, and apply as you would Bordeaux. 
; Resin, 2 Ibs.; sal soda, (crystals) « lb.; water, 1 gal. Boil until 
“Sticker” or ofa clear brown color—one to one and one-half hours. Cook in 
adhesive. iron kettle in the open. Useful for onions, cabbage and other 
plants hard to wet. Add this amount to each fifty gallons of 
Bordeaux. For other plants, add this amount to every one hundred gallons 


of the mixture. This mixture will prevent the Bordeaux from being washed off 
by the heaviest rains. 
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TWO SHADE-TREE PESTS: 


BY. CLARENCE M. WEED 


I. THE WHITE-MARKED TUSSOCK MOTH. 


During the early part of the past summer the elm trees of 
Manchester were seriously attacked by the caterpillars of the 
White-marked .Tussock moth'—an insect that has long been 
known to injure elms in cities. The pest is also present to a 
greater or less extent in various other parts of the state. To 
acquaint the public with its habits and the methods of destroy- 
ing it, the following account is published. 

If the elm trees in northern localities infested by this insect 
be examined any time from late summer until early the follow- 
ing spring, one will see scattered here and there upon the bark 
of the trunk and larger branches, whitish patches, easily visible 
some distance away. On closer examination these patches will 
be found to consist of thin, grey cocoons attached to the bark, 
many of which will be partially covered with large, glistening 
white masses, suggestive of dried froth, which, if broken open, 
will be found to contain hundreds of small, white, spherical eggs, 
held together by the froth- like substance that permeates the 
whole mass. If the+ ‘cocoon itself be pulled apart, there will be 
found within it an émpty brown pupa shell, from which the 
moth emerged. 

Should you leave one of these egg-masses in place on the 
tree, and watch it in spring, you would see sometime in May, 
or early June, soon after the leaves burst through the buds, 
hundreds of tiny hairy caterpillars come forth from the mass, 
and crawl along the bark toward the leaf- bearing branches. 

1 Orgyia leucostigma. 
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When the latter are reached, each caterpillar begins feeding 
upon the succulent green portions of the leaf. The young cat- 
erpillars are about one-sixth of an inch long, and thickly cov- 
ered on the back and sides with dark brown hairs. At the end 
of a week the larvae, as these caterpillars are often called, shed 
their skins, crawling out clothed in a new covering previously 
formed beneath the old one. They continue feeding soon after 
this first molt, and a week or two later again shed their skins 
to provide for their increase in size. After another period of 
feeding a third molt takes place; the caterpillars have by this 
time become about an inch long, and are handsome creatures. 


Fig. 1—Caterpillar of Tussock Moth. (After Riley.) 


The general color is yellow: the head and two tubercle- 
like projections on the hinder portion of the back are bright 
coral red; there are four cream colored tufts of hair along the 
back. Two long black plumes project forward from just be- 
hind the sides of the head, and another projects backward from 
the posterior end of the body. Along each side of the back 
there runs a distinct yellow line; and lower down the sides 
there is another yellow line, generally less distinct. 

About a week after the third molt a large proportion of the 
caterpillars desert the leaves and seek the rough bark of the 
trunk, where they spin loose, brownish, silken cocoons, within 
which they transform to the pupa or chrysalis stage. These 
are the caterpillars which are to develop into male moths. The 
other caterpillars remain upon the leaves, feeding freely and 
undergoing one or two additional molts as larvae before spinning 
cocoons. They finally spin up, however, in situations similar to 
those selected by the males and change into brown chrysalids. 
When full grown they are much larger than were the fully 
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developed male caterpillars, and the chrysalids of the females 
are also much larger. (Fig. 2, c.) 

About a fortnight after the caterpillars pupate they again 
transform and emerge as moths. The two sexes of these differ 
greatly : the males (Fig. 2e) have wings, well developed feathery 
antenne, and the front legs thickly furnished with hair. ‘The 
general color is ashy-gray, the front wings being crossed by un- 
dulated bands of darker shade, with two black markings on the 
outer edge near the tip, and a white spot on the inner edge, 
also near the tip. He may frequently be seen sitting on the 
trunks of trees, or on the shady side of houses, etc., as he rests 
during the day, and flies only after dusk, often being attracted 
by light The female (Fig. 2a) is totally different from the 


®ig. 2—-White-marked Tussock-moth: a, female moth on cocoon; b, young larva 
hanging by thread; c, female pupa; d, male pupa; e, male moth. 


male in appearance and resembles a hairy worm rather than a 
moth, since she possesses the merest rudiments of wings. She 
is of a pale gray color, the antenne being short and not 
feathered, the legs rather slender and’ not covered with long 
hairs.” (Az/ey.) In consequence of her wingless condition 
the female cannot fly; after emerging from the chrysalis she 
crawls upon the top of the cocoon where, after mating with the 
male, she deposits her eggs in a single mass, and soon after 


dies. 
NUMBER OF BROODS 


In New England as a rule there appears to be but one brood 
a year of the Tussock-moth Caterpillars. These mature about 
mid-summer, spin cocoons and become moths late in July or 
early in August. The eggs are at once deposited, to remain 
unhatched until the following spring. Further south there are 
two broods. 
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NATURAL ENEMIES 


Fortunately this insect is attacked by a number of parasites 
that help greatly in checking its increase. A careful study of 
the infested elms in Manchester, made by the writer in August, 
showed that at least ten per cent. of the caterpillars had been 
killed by parasites. This is a hopeful sign for the future, for 
it shows that if the people will do their part in cleaning off the 
egg cases, the parasites will help to destroy those that escape. 
But the parasites are not sufficiently numerous for the public 
to leave the work entirely to them. 


REMEDIES 


The simplest and most effectual method of checking the 
injury of this insect is to pick off and destroy the egg masses 
during autumn, winter, or spring. There is a long period in 
which the insect is open to attack by this method; and if the 
owners of trees generally would employ it, there would be lit- 
tle trouble from the pest. In New Hampshire it appears 
advisable not to collect the egg masses until October or 
November, in order to permit the useful parasites to mature 
and escape. It is a simple matter to collect the egg masses on 
the lower portions of the trunks, but higher up and on the 
larger branches they are more difficult to reach. But by means 
of ladders, or climbing irons, or agile boys, the difficulty may 
be overcome. After the masses are collected, they may readily 
be burned. 

At the time indicated it is necessary to collect only those 
cocoons which have egg masses upon them. Other cocoons 
are empty or contain parasites. 

‘These insects may also be destroyed by spraying the trees 
early in summer, after the caterpillars have hatched, with 
Paris green in water, at the rate of four or five ounces of poison 
to fifty gallons of water. Directions for spraying have been 
given in previous publications of this station. For shade trees 
attacked only by Tussock caterpillars, the method of collect- 
ing the eggs is believed to be preferable to spraying. 
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II. THE SUGAR MAPLE BORER 


From Concord, Hanover, and other places in the central 
region of the state, there has been considerable complaint 
regarding a borer in maple trees. Affected trees looked 
unhealthy, having yellowed foliage and little of it; after mid- 
summer the bark of the trunks showed holes as large around as 
a lead-pencil. The injury was easily identified as that of the 
insect long known as the Sugar Maple Borer.* This is no 
new enemy to the maples of this state; in 1828, Rev. L. W. 
Leonard of Keene, New Hampshire, studied the insect and 
gave the first account of its life-history to Dr. T. W. Harris, 
the author of the classic Insects Injurious to Vegetation. Since 
that time it appears to have been present throughout most of 
New England to a greater or less extent. 

The adult or perfect insect of this maple borer is a large and 
handsome beetle, of the shape and size represented in Fig. 3. 
It is about an inch long, with a rounded body and rather long 
feelers or antenne. ‘‘ The head,” writes Dr. Harris, ‘‘is yel- ; 
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Fig. 3. Beetle of Maple Borer. (After Saunders). 


low with the antenne and the eyes reddish-black; the thorax 
is black, with two transverse yellow spots on each side; the 
wing covers for about two-thirds of their length are black ; the 
temaining third is yellow, and they are ornamented with bands 
and spots arranged in the following manner: a yellow spot on 
each shoulder, a broad, yellow, curved band or arch, of which 
the yellow scutel forms the keystone on the base of the wing- - 
covers; behind this is a zig-zag yellow band, forming the letter 


* Glycobius speciosus. 
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W, across the middle another yellow band arching backwards, 
and on the yellow tip a black, curved band and spot; the legs 
are yellow; and the under side of the body is reddish-yellow, 
variegated with brown.” 

These beetles come forth from their burrows in the tree dur- 
ing July and August. During the latter month they lay eggs 
in the bark of sugar maples, selecting almost any part of the 
trunk for this purpose. In a short time—perhaps a week— 
these eggs hatch into small larve or grubs that burrow oblique- 
ly upward through the bark ; their progress is slow, and more 


‘ Pak 


Fig. 4. Mines of young Maple Borers. (After Packard). 


or less “ frass ” or castings are thrown out of the outer hole as 
they proceed. On this account the location of the little borers 
can generally be determined by looking the trees over carefully. 
The larve do not get beyond the bark the first autumn, and 
remain in their shallow burrows until the following spring. 
Then they burrow deeper into the solid wood of the 
tree, which thereafter they mine in all directions, the bur- 
rows growing larger as the insect increases in size. Finally 
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the grub becomes full grown in this larval stage; it is now a 
large, white, legless creature, with the body composed of many 
distinct rings or segments. It makes a cell near the outer 
part of the tree in which it changes to the pupa or chrysalis 
state ; and finally again changes into an adult beetle, which 
comes forth in July and August to continue the propagation of 
the species. 

This insect appears to confine its injuries to the sugar maple 
(Acer saccharinum), apparently, seldom, if. ever, attacking 
the red maple. Further observations upon this point, how- 
ever, are desirable. 


REMEDIES 


As already indicated, the entrance of these borers is gener- 
ally shown by the brownish, saw-dust like castings thrown out 
of the hole, and the larve remain in the shallow bark from 
September until the following spring. Consequently they can eas- 
ily be cut out with a sharp knife, during autumn, winter, or — 
spring, with little or no injury to the tree. This appears to be 
the most practical method of destroying them. Of course the 
beetles and older larve should be killed when found, and maple 
trees so seriously injured by this insect or from other causes 
as to show evident signs of dying should be cut down and con- 
verted into firewood,—the wood to be burned before summer 
so that the larve present shall not mature,—rather than be left 
standing to serve as breeding grounds for the pests. 
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BULLETIN 76: THE FOREST CATERPILLAR 
(Clisciocampa disstria Hub. ) 


By G. H. Perkins 


I. INTRODUCTION 


This insect is closely allied tothe apple tree tent-caterpillar, and has 
often been confused with it by those not familiar with different species of 
insects. This is not strange because both in the larval and mature states the 
two species are much alike. The name forest tent-caterpillar is 
that by which this species has been long and widely known, but it is ob- 
jected to by some of our best entomologists on the ground thatit is not 
appropriate since the caterpillar does not make a tent, but only a sort of 
mat which lies close to a large limb orto the trunk of an infested tree. 
While this name is, as has been stated, that which is most common, 
there are several others which have been more or less used at one time or 
another. Without entering into a discussion of the merits of any of these 
names, but simply for convenience the insect will be termed throughout 
this bulletin the forest caterpillar, for the reason that, as this bulletin is 
prepared not for the country at large but for the people of Vermont, it 
seems tothe writer best to use the name by which the insect is most com- 
monly known in this state. 

The ravages of the forest caterpillar began to attract attention to some 
extent in this state in 1895. In 1896 they had become so extensive and 
wide spread that no little alarm was created lest the maple groves and 
shade trees of the state should be seriously injured. The continued abund- 
ance of the caterpillars andthe very great damage which they have com- 
mitted during 1898 and 1899 have shown that these fears were only too 
well grounded. In some places in the state the damage which was done in 
1896 was as great as in any subsequent year, but as a whole the state has 
suffered more during the past two years than previously. Although Ido 
not find any record of an attack so wide spread and destructive as has been 
that of the last three years, yet the forest caterpillar is not a new insect in 
Vermont. Ina book published in 1791 I find an account of the presence in 
great numbers of a caterpillar which seems to be the same as our present 
pest. At different times since the beginning of the century there have been 
seasons in which this insect has committed more or less noticeable damage 
in Vermont, and, indeed, in nearly every state in the Union and in parts of 
Canada. Still, the recent ravages far exceed any that have taken place 
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heretofore. Nor has Vermont suffered alone. In some parts of Maine, 
New Hampshire and Eastern Canada the devastation has been great, and 
Lowe! states of New York that he is ‘‘unable to find any records which 
indicate that it has ever before occurred in such great numbers over 
so wide an area within our borders.”? The pest appears to have been ac- 
tive over the entire state, but it was much more abundant in the southern 
andeastern counties than elsewhere, that is, in those portions of New 
York which are nearest Vermont. 

Probably no species of insect has ever attracted greater notice in Ver- 
mont or caused more alarm or actually done as much mischief as this. It 
has been found in nearly all of our towns, though it has not done much 
harm in some. So farasI can learn it has not been as destructive in the 
northern part of the state as inthe southern, while the middle counties 
seem on the whole to have suffered most. 

In many places the caterpillars have not spread over the whole town, 
but, starting at a given point, they have moved on in a narrow band a few 
rods wide, all of the leaves of trees within this belt being destroyed, while 
the trees on either side were scarcely touched. Sometimes these belts were 
so narrow that only a portion of the trees of a single grove were injured. I 
do not intend to say that this is the usual habit of the caterpillar, but only 
that it is not infrequently the case. 

Qn account of the injuries inflicted by the forest caterpillar in 1896 and 
1897 a portion of Bulletin 60 (October 1897) was devoted to a consideration 
of its habits ; but the prevalence of the insect since then and the numerous 
enquiries that have come to the station appear to warrant a more complete 
account both of the insect and of such methods as have been devised for 
its destruction. 

At the outset I wish to call attention to the fact that not all the damage 
which our maples have suffered is caused by the forest caterpillar. In some 
groves great harm has been done by the large maple borer, Plaginotus speci- 
osus, Say., and in other places, and these have been numerous, the fall 
canker worm, Anisopteryx pometaria, Harr., has done not a little of the leaf 
stripping which has been attributed to the forest caterpillar. The fall 
canker worm was very abundant i in different parts of the state during the 
fall of 1899. Nevertheless, no other insect has at all equalled the forest 
caterpillar in destructiveness. 

Perhaps no other insect is found in such immense masses as this. Quo- 
tation is made in Bulletin 60 from one of the publications of the United 
States department of agriculture which gives an account of how the immense 
hordes of caterpillars stopped the trains on the Carolina Central Railroad. 
Great armies of the worms as they crossed the railroad tracks were crushed 
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and so lubricated the railsthat the wheels of the trains got no hold. Onat 
least two Vermont roads trains were stopped during the last season in the 
same manner. Last June the caterpillars collected on the granite walls of the 
state house at Montpelier and on the posts of the fence which surrounds the 
grounds. For about two weeks a man was constantly employed in going 
about with a large pan in which kerosene had been poured and a small 
broom with which he brushed the full grown worms into the pan. During 
the time he worked he reports that he collected ten bushels and, as I saw 
the results of his work at different times, I do not think the report exagger- 
ated. This shows how abundant the pest was in one locality. -Unfortu- 
nately there are many towns in the state which were as badly infested as 
was Montpelier, so that the almost incredible number of worms collected 
there is not to be considered as altogether exceptional. 


Il. LIFE HISTORY 


Although the life history of Clisiocampa disstria was briefly given in 
Bulletin 60, yet it is probable that many will be glad to learn all that they 
can concerning so important an insect ; hence the following full account. 
Unlike many of our worst foes this is a native species, and, as we have 
seen, it has been well known as a pest for many years. 


THE EGGS 


The eggs are always placed in a 
m band around one of the smaller 
twigs which presents the appear- 
ance Seen in figure 1. The num- 
ber of eggs in each cluster varies 
considerably, some containing as 
many as four hundred, while 
{ others may not have more than 
two hundred. Usually but a sin- 
; gle egg mass is found on a twig, 
Figure ta peSe eatiy magninea, "but there may be two or even, 
three. The following account by Riley explaing the method of depositing 
the eggs.:. : , 

“These eggs are deposited in circles, the female moth stationing herself 
for this pyrpose, in,a transverse position across the twig. With abdomen 
curved she gradually moves asthe deposition goes on, and when gne circle is 
completed she commences another—and not before. With each egg is secreted, 
a.brown varnish which firmly fastens it to the twig and to its neighbor, 
and which upon becoming dry, forms a carinated network of brown over 
the pale egg-shell. These eggs are so regularly laid and so closely glued 
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together and the sides are often so appressed that the moth economizes 


space almost as effectually as does the honey bee in the formation of its 


hexagonal cells.’”? 


Lowe? states that the egg-laying is not always as thus described and 
that none of the females which laid in his laboratory ‘‘placed themselves in 
a transverse position across the twig, but stood lengthwise of it, or nearly 
so, and moved sidewise while depositing the eggs. When one row was 
finished the next was immediately commenced. * * * With each egg 
an abundance of frothy glue was discharged, completely covering it and 
hardening almost immediately. The females died within a few hours after 
completing oviposition.” 

These egg clusters are deposited late in the summer, in this region 
usually not before the middle of July. Ina season which opens earlier 
than common, and in which, therefore, the eggs hatch sooner than usual, 
the moths may be ready to deposit the eggs by the first of July. So far as 
external appearance goes, the eggs remained unchanged until the following 
spring, but in fact they begin to hatch not very long after they are laid, and 
before the close of the season the larve are fully formed. They do not 
leave the eggs, however, until spring. 

When separated from the cluster, each egg is of the form shown, much 
magnified, in figure1, d. The lower end is narrower than the upper and is 
rounded, while the upper is cut off squarely. Asc in the figure shows, the 
top of each egg is bordered by a flat rim within which the surface is con- 
cave. This depression increases as the larva developes. Each egg is about 
five-hundredths of an inch long and three-hundredths in diameter across 
the top. 


LARVA OR CATERPILLAR 


After the little black caterpillars have left the eggs, which they do very 
early in the spring, it is astonishing how much cold and inclement weather 
they can endure. Some of them are always out of the shell and creeping 
over the twigs long before freezing weather has passed and, of course, before 
the leaf buds have begun to open. Nevertheless these apparently tender 
creatures do not perish from cold and hunger as one would suppose they 
inevitably would, but live on ready to attack the leaves when at last they 
expand. Any unusually mild day in spring is sufficient to bring out num- 
bers of them. Although voracious feeders when food is at hand, they can 
at any period of their lives endure prolonged fasting. I have had cater- 
pillars from one half to two thirds grown live in the laboratory with no food 
whatever for over two weeks without apparent suffering. 


I Riley, Insectsjof Mo. Rpt. 3, p. 121 (1871). 
2 Loe. cit. p. 4o. 
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In an ordinary season the egg masses are for the most part deserted by 

the last of April, although as was noticed above, some of them are 
empty three or four weeks earlier. In other words the egg masses do not 
all hatch at the same time there being three or four weeks interval between 
the earliest and latest. When first hatched, the little caterpillars as they 
huddle together on the twigs appear almost black. They are about a tenth 
of an inch long and rather slender. The body is covered, but not thickly, 


FIGURE z. WELL GROWN CATERPILLARS FEEDING 


Showing usual position when eating. After Weed 
with long grayish hairs. The first food seems to be the covering of the egg 
mass. Speaking of the tent caterpillar Lowe ‘says that “‘ about one hundred 
caterpillars hatched in a cage in the laboratory subsisted for six dayg upon 


1, N.Y, (State) Sta. Bul. 152, p. 283 (1898). 
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no other food than the frothy glue that protected the eggs from which they 
hatched.’’ The same is true of the caterpillars of this species. 


As the little caterpillars wander about the twigs they spin delicate 
threads of silk so that after a time the branches which they have most 
largely occupied are covered with the whitish threads. Ifthey are disturb- 
ed by jarring the branches, the little worms let themselves to the ground 
by a thread of the same silk. This habit of spinning continues until 
maturity, though much less of it is done in the later stages than in the 
earlier. 

The growth of all caterpillars is extremely rapid and this great increase 
in size is too much for the elasticity of the skin; accordingly from time to 
time {t bursts open and slips off, or is shed. In the forest caterpillar there 
are usually four changes of skin, or molts, before it reaches maturity, and 
after the cocoon is finished, a fifth and last molt occurs. 


As we have seen, the caterpillars just from the eggs are very dark, but 
in a few days they grow lighter except at the ends, and there is a dark line 
along each side. After feeding and growing for two or three weeks the 
larvae lose their old skins and appear in new ones. The interval between 
the hatching and this first molt undoubtedly depends upon the weather 
and the abundance or scarcity of food. At this time the worms are half 
an inch long. The color has changed somewhat with the change of skin, 
for now there are two light lines just above the dark lines mentioned above 
and these light lines become more evident as the worm grows. In many 
specimens, the line of light spots, so prominent a feature of the full grown 
worn, is indistinctly seen. About a week after the first molt the second 
occurs. The worms have now increased to three fourths of an inch in 
length. The row of light spots along the back becomes very distinct. Along 
each side there is the dark line which first appeared, then above this is a 
white line, then a pretty blue line, or rather band, for it fills the space be- 
tween the lower light line and that above it, then near the back is a yellow 
line, and, more conspicuous than all, is the row of 10 or 11 spots of the form 
well shown in plate III. At the end of another week, the larvae are ready 
for a third molt. This brings little change in appearance except in size, the 
length now being aninch. The markings are also brighter after the third 
change of skin. In about two weeks the fourth molt takes place and the 
worm is fully grown. The color and markings have not changed essen- 
tially since the previous molt, but the length has increased to nearly or 
quite two inches, as shown in figures 2 and 5. 


In figure 5, vw, which gives a view of the upper side of one segment, 
enlarged about twice, the conspicuous oval or diamond shaped spot is seen 
and behind it a small spot of the same color, on a ground of black. On 
either side is seen the yellow line and beyond this;-as the figure gives it— 
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above and below, is the blue band, seen better in b of the same figure. As 
seen in b, which shows an enlarged side view of a segment, there is a second 
and usually lighter line below the blueband. The under side is dull green _ 
ish with a large dark spot on each segment except the two front ones. As 
the illustration shows, the back is more or less covered with rather thinly 
scattered hairs, which are light, reddish brown, or almost black. The 
whole body is sprinkled with black dots. 


THE WEB 


This insect has long been called the tent-caterpillar of the forest, but it 
makes no real tent and very rarely seeks shelter in the mat-like structure 
which it does make. Still [think that some writers have not given the 
caterpillar credit for making as much of a web as it often does construct. 
It certainly never makes so conspicuous a web as does the ordinary tent- 
caterpillar so common on apple and cherry trees, but it seems to me a de- 
cided mistake to say that ‘‘they never make any tent or nest,”’ as one of 
our best entomologists asserts ; for while in a sense, this is true, yet to the 
ordinary observer the matted web often seen would be regarded as of the 
same sort as the real tent of the allied species. And not infrequently the 
web of the forest worm is by no means an inconspicuous object. 

Itis not usually located on the smaller branches, as is the web of the 
tent-caterpillar, but ona large branch or, perhaps more often than else- 
where, in the crotch of two large branches or of a branch and the trunk. 
Still, I have occasionally seen webs on the twigs. Just why this species 
spins a web is not altogether plain for it very seldom makes much use of it. 
[have killed caterpillars in or under the web, but this is the exception ; 
more often, they may be found clustered on it, though very frequently they 
cluster where it is most convenient and pay little attention to the web. 
The web is, usually, not white, but appears much as if thickly dusted with 
iron rust. Plate I shows a nest of the apple tree tent-caterpillar bear- 
ing the clustered insects of both species for now and then the forest 
caterpillar takes refuge in the tent ofthe allied species. Ido not think 
that the forest caterpillar ever makes so much of a web as that shown in 
plate I; nor is its web stretched across several branches as shown in the 
figure. 


CLUSTERING HABIT OF THE CATERPILLARS 


Plate III and figure 3 will recall a sight familiar to many of the resi- 
dents of Vermont. These figures well show the customary position of the 
caterpillars when atrest during the brighter and warmer parts of the day. 
They also collect in this manner when res4~ +o alt, At all times until 
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the last molt, the insects are very sociably inclined, not only seeking each 
other when at rest, but feeding in company as well. 

In this state the full growth is attained by the caterpillars by the 
middle or last of June or in about six weeks from the time of hatching. 
This period is not however invariable, for those larvee that come out of 
the eggs very.early do not develop as rapidly as those that come out when 
food is more easily obtained and abundant and the weather is more favor- 
able. 

While the forest caterpillars may feed at any time, by far the larger 
part of their eating is done at night or during cloudy days. Weed! notices 
that ‘‘ the caterpillars commonly eat through the leaf in such a way that 
the outer end drops to the ground.”? This is shown in the lower leaf in 
figure 2. This is especially true when they are feeding in groves or where 
trees are near together. It isthe continual dropping of the bits of leaves 
as well as of the excrement of the caterpillars that causes the sound like 
pattering of rain which is often heard where the insects are numerous. 

When the caterpillars have ceased to feed, they soon Jose their social 
disposition and, no longer collecting in Jarge masses, they wander nervously 
hither and thither, leaving the trees where they have up to this 
time contentedly fed and appearing about houses, sidewalks, fences, etc. 
After several daysof this wandering each selectsa place in which to spin 
its cocoon and then its journeyings are at an end. 


FOOD OF THE CATERPILLAR 


Like most insects, and all moths, this species does no injury except in 
the larva, or caterpillar state. Weed? gives a list of between thirty and 
forty trees and shrubs the leaves of which the caterpillarsare known to eat, 
but this list might as well be increased until it includes nearly all the trees 
growing in any given locality, forthere are few that they do not attack 
at one time or another. Some kinds of trees however, are much more to 
the taste of the caterpillars than others. In this and adjoining states, 
during the last few years the maples have suffered far more from their 
ravages than any other trees. So much has this been the case that 
in many places the insect is known by the name of maple worm. In 
other states, however, the oaks have been most attacked, elsewhere the 
blue gums or poplars and sometimes apple trees are preferred. In some 
groves of various species of trees which were attacked last year all were 
defoliated alike. Stillit isas an enemy of the sugar maple that it has at- 
tracted most attention in Vermont. 

IN. H, Sta. Bul. 64, pp 83-84 (1899). 
2 Loc.icit., pp 86-87. 
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FIGURE 3. CLUSTER OF FOREST CATERPILLARS ON THE TRUNK OF A TREE 
After Weed 
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THE COCOON 


Having chosen a suitable location, such as under the edges of the clap- 
boards of a house, which is a favorite place, or some corner or angle made 
by the outside boarding of a building, or, if in agrove, on the underbrush, 
the cocoonis spun. If it is located ona shrub, it is almost always protected 
by one or two leaves isin figure 4. The cocoons are quite variable in size, 
but an average one is from an inch to an inch and a half long and half as 
thick. The outside of the 
cocoon is light yellow and is 
coated with a yellow paste 
which soon dries to a pow- 
der. The inside, like that 
of all cocoons, is very com- 
pact, but the outside is quite 
loosely made, and with the 
: silk fibers there are often in- 
FIGURE 4, COCOON OF FOREST CATERPILLAR termingled some of the hairs 

WRAPPED IN A MABRLE.LE AR of the caterpillar. The com- 

After Weed ‘ i 

pact, parchment-like inner 

portion is so made by a thick fluid which fills the spaces between the 

thread and hardens. Three days after it has finished the cocoon the cater- 

pillar molts for the fifth and last time and changes to a brown pupa, or 

chrysalis, about three fourths of aninch long. Its color varies consider- 

ably. I have seen some which were very light brown, but more which 

were dark brown or chestnut. The cocoons are not usually formed here 
before the first of June and most of them not till a week later. 


THE MOTH 


The perfect insect or moth appears about two weeks after the cocoon is 
finished. If the cocoon is completed about the middle of June, which is 
the average time here, the moth emerges the first of July. All do not appear 
at once, but they come out from time to time for a week or more and are 
seen flying from the first of July until October. The form and marking of 
the moths may be seen in figures 7 and 8 and especially in plate II 
which shows not only the customary appearance of the moth, but several 
varieties. 

The female moth (second row, right hand moth third row, plate II) is 
much larger than her mate (upper and two lower rows and two left hand 
in third row, plate II.) There is some variation in size, but usually the 
female is not far from an inch and three fourths across the expanded wings, 
while the male is only an inch and a quarter or leas. The wings are also 
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somewhat different in the two sexes. In both the general color of the body 
is yellowish brown, darker in some specimens, lighter in others (note 
lower row plate II, gradation from light to dark tints); and in some there 
is a decided reddish cast. Running obliquely across the front wings, are 
two lines, well shown in the figures, which are much the color of iron rust. 

Very soon after coming out of 
the cocoon, the moths pair and 
the females lay the eggs on the 
twigs of some tree in the manner 
already described. The follow- 
ing dates are furnished by Prof. 
H. M. Seely of Middlebury : June 
8th, first cocoons observed. June 
9th, considerable number of cat- 
erpillars beginning to spin. June 
13th, large numbers spinning. 
June 17th, some caterpillars 


FIGURE 5. LARVA OR CATERPILLAR OF 


THE FOREST CATERPILLAR changing to pupae, some still 
a. Upper part of one ring b. Side of ringspinning, but most in cocoons. 
After Weed June 80th, first moth seen. July 


1st, many moths seen. July 5th, picked egg cluster from maple tree. 
These dates are for 1899, but are a fair average for this region. 
DIFFERENCES BETWEEN THE FOREST CATERPILLAR AND THE APPLE TREE TENT-CAT- 
ERPILLAR 

The frequent association of these two species has already been noticed, 
but a more detailed comparison will be useful. Figures5 and 6 show plain- 
ly the most obvious differences seen in the fully grown larvee, especially at 
a and b where the markings ona single joint areshown enlarged. In Figures 
7 and 8 are seen moths of the forest caterpillar while Figures 9 and 10 
show the moths of the tent cat- x 
erpillar. Plate I also shows -: 
the two species clustered on the 
web of thetent caterpillar. A 
careful study of these figures 
will enable any one to distin- 
guish one from the other. The 
most easily noticed character in 
the larvee is found in the light 


marking along the back. In the a 
tent caterpillar there is a con- FIGURE 6. LARVA OF THE TENT-CATER- 
tinuous line, while in the forest PILLAR 


Upper part of ring. b. Side of one ring 


caterpillar, there isnot a line, a. 
After Weed 


but, as.figure 5 shows, a row of 
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spots ten or eleven in all. This is also well shown in figure 3. In the 
moths, the rust red oblique lines on the front wings of the forest cater- 
pillar are replaced in the tent caterpillar by similar lines of a dingy white. 
% There are numerous other differences, but the 
above are sufficient for ordinary use. It may 
be well to add, however, that it is usually not 
difficult to distinguish the two species even by 
ay \ the egg clusters. That of the tent caterpillar 
FIGURE 7. MOTH OF THE Js thinner at the ends than in the middle so 
FOREST CATERPILLAR. that it is oval in general outline. The egg 
Male, natural size After cluster of the forest caterpillar is of nearly 
Were uniform diameter throughout, as figure 1 
shows, the ends instead of sloping down to the twig, appearing as if cut 
off squarely. 


III. RAVAGES IN VERMONT 


While the outlook for the coming season is not as assuring as could be 
wished, yet there is great reason for hope that the ravages of this insect 
will not be as great as they have been during the last three years. During 
the summer of 1899 the writer visited many of the towns in different parts 
of the state and in most, though not all, of these the damage done by the 
caterpillars was said to be less than it was during the preceding year. Still 
many rows of trees along the streets and many maple groves presented a 
most pitiable appearance. 


I think that I can give an accurate account of the doings of the cater- 
pillars in the state in no better way than by quoting extracts from a few of 
the many letters which have been received from those who have had only 
too good opportunities of observing this insect. 


Miss Anna C. Brackett writes from Stowe as follows: 

“I send you a report of the ravages of Clisiocampa disstria for the year 
1899. It was very much worse than last year, in the village, so that many 
of the people who last year did not pay much attention to the cocoons on 
their buildings are very much alive now to 
their presence. The number of the worms 
in the village was so great that the village 
authorities took hold of the matter and had 
all the trees alongside of the road covered 
with bandages of burlaps and these were 
kept well tarred. The trees therefore do not 
look very badly there. In the woods and FOREST CATERPILLAR 
sugar orchards the damage has been very Female, natural size 
great, though some of the places that were After Weed 
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attacked last year have gone free this year while other places that escaped 
last year have suffered severely this year. They have eaten every green 
tree and bush, I think, except the cut-leaved maple and the sumachs which 
do not seem to have been touched. The cocoons are on every sort of tree, 
not excepting these two. 

There have been very many small sized worms this year and also many 
that did not seem able to spin a fine and finished cocoon. This has seemed 

ad to indicate to me that 
perhaps they were not so 
vigorous as last year. 
They have seemed more 
lazy. Very many of the 
pupae in the cocoons are 
destroyed by parasites. I 
find in them small black 
flies and also small, very 
brilliantly red beetles and 
a large proportion of the 
pupae are eaten, and will 
never rise to the dignity 
of millers. The worms 
seem to have taken to 
syndicates this year, two 
or three spinning together 
in one leaf as if they 
needed help. Many of 
them spin nothing but 
the yellow cocoon, omit- 
ting to spin the blanket 
of silk which they ought 
to begin with. 

The warfare with them 
has been almost hopeless 
this year. It has been 
pitiful to see a farmer struggling day after day with his little orchard of 
apple trees while forced meantime to see the destruction of his maples.” 

I may add to the above that the most sorry looking maple groves that I 
saw in 1899 were in and about Stowe, and I doubt if anywhere in the state 
greater damage was done than in that region. 

Mr. W. J. Morse writes that ‘ Clisiocampa disstria has been an unwel- 
come guest for two seasons in great numbers ; for how much longer I do not 
know. Considerable damage was done in 1897 and the trees were practi- 
cally stripped in 1898. The favorite trees appear to be the maple, apple 


FIGURE 9. MOTH OF THE TENT-CATERPILLAR 
Female on apple leaf, natural size From Lowe 
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andelm. The latter were not eaten so badly as the others. They came 
upon us from the south and in the valleys first, and are gradually working 
towards the mountains. They 
worked on higher ground last year 
than the year before. My obsery- 
ations extended through the towns 
of Waterbury, Stowe, Morristown, 
Hyde Park, and Johnson. In 1897 
they were abundant in asmall sec- 
tion a mile north of Waterbury 
Center and between that place and 
Waterbury. In StowelI think a 
little damage was done west of the 
village, also in Morristown and 


Johnson 
FIGURE 10. MOTHOF THE TENT-CATER- Last season—1898 —they were 
PILLAR very plenty all over Waterbury ex- 
Male, natural size From Lowe cept on the mountains, and did 


very great damage. About a mile north of Waterbury Center it became 
necessary to sand the rails of the electric road on account of the number 
of worms crushed under the wheels. They were generally distributed all 
over Stowe and Morristown and did great damage.”’ 

Hon. G. 8. Fassett writes from Enosburgh that ‘‘The worms first ap- 
peared in this vicinity in the summer of 1897 on the maples in one sugar 
grove. They did not come in great numbers, nor did they.entirely strip 
the trees of leaves but the tops of the trees were quite badly eaten. In 1898 
this same grove was almost entirely stripped of leaves, and adjacent groves, 
including perhaps a hundred rods north and south, were eaten quite a little, 
but east and west the ravages extended for more than two miles. Outside 
of this range very little damage was done south of me. North, on both 
sides of the Missisquoi river, mostly east of Enosburgh Falls village, they 
did more damage, notably on the farm of Merrill Jeffords. His sugar place 
was stripped bare as in winter and did not leave out much the second 
time. This last strip was wider north and south than the one first. men- 
tioned. Its length was about the same. While the worms were all 
about more or less, these two strips embrace most of the apparent dam- 
age done in this town.” 

The above accounts might be multiplied, but they suffice to show the 
character of the pest and its ability to commit most serious depredations. 

There is no doubt that during 1897, 1898 and 1899 hundreds of acres of 
maple groves were very largely defoliated and some of them lost their 
leaves each of the years named. Mr. E. H. Ripley writes from Mendon: 
“There are in the valley of the Otter sugar orchards that have been 


PLATE I. WEB OF TENT-CATERPIILLAR 


On which both forest and tent caterpillars are resting. From Lowe. 


PLATE II, MOTHS OF THE FOREST CATERPILLAR 


PLATE II. MOTHS OF THE FOREST CATERPILLAR. 
Upper row, male moths. Second row, female moths. 


Third row, variety sylvatica of clisiocampa disstria. First two on the left, 
males, right hand, female, 


Fourth row, variety thoracicoides, males. 


Fifth row, gradation from light tinted moth on left to dark on the right, 
males. 


By courtesy of V. A. Lowe, Geneva, N. Y., Station. 


PLATE III. NEARLY MATURE CATERPILLARS CLUSTERED ON THE TRUNK 
OF A PLUM TREE 


Courtesy of V. A. Lowe 
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stripped for three years aud the ends of the branches have died fromthe 
loss of foliage.” Mr. Lyman Hutchinson writes from Randolph: “My 
sugar orchard was the first to be attacked by forest worms in this sec- 
tion. Two years ago in June (1898) it looked as though fire had burned 
the foliage over the whole wood lot, and again last year they took what 
trees survived the first trimming. Now it is a fact that the first year’s 
trimming killed more than two hundred out of eight hundred trees. And 
the result of the last trimming is that I have not two hundred trees in my 
orchard that have life enough left to ever run sap for sugar. We have cut 
from one to two hundred’ of those maples. The most of them were en- 
tirely dead, the rest had only a few lower limbs alive. The wood of these 
maples turns very dark colored before the tree is entirely dead, which injures 
it very much for lumber. Two years ago my orchard was about the only 
one in this section on which the worms worked, but last season they took a 
clean sweep. Every sugar place around is being cut down as fast as possi- 
ble.” It is very probable that some other destructive agency has been at 
work in Mr. Hutchinson’s maple grove, for a single defoliation would not 
alone destroy the tree if they were in good condition at the opening 
of the season. Hon. V. I. Spear of Randolph also writes: ‘I know 
of quite a large number of trees that have died as a result of being 
defoliated.”” Mr. Spear states that the maple sugar crop of 1899 
was not more than a fourth of an average crop, though he does not 
think that the forest caterpillar is the cause of this shrinkage so 
much as climatic conditions. There is no doubt that the sugar crop, 
which is a very important one in this state, has been less than average 
for several years. Nor is there any doubt that much of the short- 
age has been due to other causes than the defoliation of the trees by the 
caterpillars. Not only have the climatic conditions been unfavorable, but 
borers, fall canker worms and other insects have contributed tothe gen- 
eralresult. Nevertheless, when due allowance has been made for all other 
untoward influences, we are compelled to believe that the forest caterpillar 
has done irreparable harm to this state in the injury and destruction of 
the maples. 

In order that the relation of defoliation to the life of the tree may be 
clear to the reader, it may be well to state that much of the material making 
up the structure of the plant is absorbed from the air by the leaves ; that 
they are in part analagous to the lungs of an animal; and that their partial 
destruction lessens the vitality of the plant, and, also, its opportunity of 
food storage for tissue building. The processes of breaking down tissue 
continue however,and if the rate of restoration is retarded, death may ensue. 

Just how severe the damage to the maple sugar interests of the state 
will finally prove to be can not, of course, be certainly foretold. It is 
hoped that the worst is over ; I believe that it is, though I do not pretend 
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to know that itis so; but it appears to be certain that Vermont will not 
produce the accustomed amount of sugar for a good many years to come. 


IV. THE COMBAT AGAINST THE FOREST CATERPILLAR 
1. NATURAL AIDS 


Climatic conditions often very materially assist man in his efforts to 
rid himself of most insects, but the species we are considering seems to be 
unusually insensible to the weather and little can be hoped from this 
source. The first year of its appearance in this state was cool and wet, but 
the warmand dry seasons that have followed have to all appearance been 
just as favorable to its increase. The forest caterpillar has, however, a 
considerable list of foes among our common animals, especially among 
birds and insects. 


BIRDS 


The most important birds that feed upon either the caterpillar or moth 
or both, are the black-capped titmouse or chickadee, the cuckoo, redstart, 
robin, chipping sparrow, oriole, cat bird, vireos, cedar bird, and nuthatches ; 
and even the English sparrow has been reported by various observers as 
eating the caterpillars. The chickadee is one of the most useful of our 
friends since it eats the eggs ; and asthe bird is a winter resident, it is able 
while the foliage is off the trees, to find and destroy a vast number of eggs. 
Weed! states that ‘the nuthatches, according to Miss Soule’s account 
‘would stand by a patch of larvee lying close together below a tar band on a 
tree and eat so voraciously and with such an entire abandonment of self- 
consciousness that I could go close and put my hand on them before they 
would fly.’ The nuthatches and chickadees also tear open the cocoons 
and eat the pupe inside.”’ 

It is very probable that the list of birds which feed upon the forest 
caterpillars might be greatly extended. 


INSECTS 


The list of insect enemies of the forest caterpillar is quite a long one. 
Less useful perhaps than parasitic insects, though not to be overlooked, are 
certain beetles and bugs that feed upon the caterpillars, especially when 
they are crawling on the ground. Figure1l shows the likeness of anold 
friend that eats many injurious insects and may represent the whole group, 
though its members vary much in size and appearance. 

Far more useful in helping to diminish the numbers of the pest are the 
parasitic insects. There are two groups of these, one of which is composed 
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of insects allied to the flies, and one allied to the bees, wasps, etc. Figure 
12 shows the species that has been most commonly at work in this state, 


though an allied species is also found. These Pimplasare the most efficient 
aids we have in our efforts to destroy 


the forest caterpillar and also the tent 
caterpillar. This parasite lays its egg 
in the cocoons of its host, the intruded 
egg soon hatches and the larva from it 
proceeds to devour the pupa of the 
forest caterpillar. In many parts of 
this state during 1899, a large num- 
ber of the cocoons were occupied by 
the Pimpla. Lowe! reports that only 
about twelve per cent of the cocoons 
under observation in his laboratory in _ 
1899 were parasitized. In a lot of ce ee 
A beetle which devours the forest cater- 
several hundred which I obtained in pinar u. Larva 4. Mature beetle 
Addison county, only a third developed moths, the rest being destroyed by 
the Pimplas, In one lot of two hun- 
dred cocoons hatched in our laboratory 
but thirty moths came out, the rest 
being parasitized. This is a most 
encouraging result, only fifteen per 
cent of the cocoons reaching the last 
stage, while eighty-five per cent were 
destroyed. In this case the parasite 
was Pimpla conquisitor, figure 12. I 
have received letters from several 
parts of the state stating that a large 
proportion of the cocoons were des- 
troyed by parasites. Inasmuch as itis 
the universal rule in such cases that 
the parasite increases so long as its vic- 
tims are abundant, we may confidently 
hope that the coming season will not 
be as the last, but that all over Ver- 
mont the trees will have a chance to 
put forth and retain their leaves with 
much less injury from the caterpillars 
FIGURE 12 PIMPLA CONQUISITOR than for several years past. Such 


Male and female, natural size The entioned 
most useful parasite of the forest cater- of the lot of cocoons above ment 
piles Eteon Laie as matured produced a far greater 


number of males than females. This may have been merely accidental, but 
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it would be pleasant to find that the Pimpla had especial predilection for 


female cocoons. 

Whether in this respect or not, in others the parasite does certainly 
exercise discrimination as to the place where she deposits her eggs. It is 
very interesting to watch one of these Pimplas when placing her eggs in the 
cocoons. She is so intent upon her task that one has no difficulty in ob- 
serving her closely. She is quite brisk even to nervousness in her move- 
ments, flying quickly from one cocoon to another, hastily, but sharply, in- 
specting each, If the larva inside has not finished the spinning and its last 
molt she does not leave an egg, but flies off to the next cocoon. If the 
cocoon is done and the chrysalis formed, she then places herself over one 
end and strongly arching the abdomen thrusts her ovipositor into the 
chrysalis. Then by two or three successive thrusts she works the egg deeply 
into the unfortunate victim, withdraws the ovipositor and flies away. 
Sometimes she will examine and leave several cocoons before she finds one 
that she considers a fit place for an egg, but often the eggs are deposited 
rapidly. I have seen five cocoons thus parasitized in less than as many 
minutes. In rare instances, both moth and parasite come from the same 
cocoon both apparently well developed. 


DISEASE OF THE LARVAE 


Forbes! writes : ‘‘The forest tent caterpillar, an outbreak of which 
species occurred last year in southern Illinois, was again seen in the same 
region this season, but in number so greatly reduced as to inflict little, if 
any damage. The condition and fate of examples collected by us in south- 
ern Illinois this year and kept in breeding cages till they perished, con- 
firmed my supposition of a destructive contagious disease among them, 
apparently the principal cause of their disappearance last year. This was 
one of the diseases know as muscardine, similar to that of the silk worm 
occasioned by the well known fungus Botrytis bassiana.’’ 1 have seena 
number of caterpillars that seemed to be affected by the disease mentioned 
above and Weed? apparently thinks that it has existed in New Hampshire. 
There is also a bacterial disease which has attacked the caterpillar in several 
states and this also is found here. Most probably it is one or both of these 
diseases which have attracted the notice of several correspondents who 
have written of ‘sick caterpillars.” On some of the trees which I exam- 
ined last season there were many diseased caterpillars. Thus we may 


1S. A. Forbes, Insects of Illinois, State Entomol. Ill. Rpt. 3, p. 13, (1885). 
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cherish the hope that at least some aid will come to us in this way, how 
much we can not as yet estimate. 


2. REMEDIAL MEASURES 


As might be expected in the case of an insect so destructive and widely 
distributed the methods which have been devised for its extermination are 
numerous. 


DESTROYING THE EGGS 


During the winter the only plan that can be successfully carried out is 
the destruction of the eggs. Many persons seem to consider this imprac- 
ticable, but so faras I know, wherever it has been at all thoroughly tried it 
has proved unexpectedly efficient. Asa preliminary encouragement it is 
well to remember that each egg cluster destroyed lessens by from two to four 
hundred the numbers of the caterpillars for the following season. Al- 
though the eggs are not very noticeable to a casual observer, yet as soon as 
one has learned where to look for them and does look they are readily seen 
when the trees are leafless, and many may often be gathered.in a short 
time. Where the treesinfested are of low growth, as apple or other fruit 
trees, this method isto be highly recommended. Even if the trees are 
large, many eggs can be reached with a pair of long handled pruning shears, « 
and even a sharp knife attached to a long pole would secure not afew. Of 
course the insect can not be wholly eradicated by this method, but in many 
places it would surely be very much checked. The plan of setting children 
at work to gather the eggs has been tried on a small scale in this state, but, 
far more extensively elsewhere. The following quotation, from Weed! illus- 
trates what may be done in this direction, as it shows what has been done : 

‘‘In the village of Newfields, N. H., the Improvement society offered 
the school children ten cents a hundred for all the egg masses, or ‘cater- 
pillar belts,’ as they are locally called, that they would bring in. Many of 
the children worked faithfully and when in February I was called in to 
point the moral of the process I found that 8,250 egg masses had been ob- 
tained.” Anyone can multiply the above number by the average number 
of eggs in each cluster, say 250, and see how many caterpillars were thus 
destroyed at a total cost of $8.25. I have cited the above, although it was 
the tent caterpillar not the forest caterpillar eggs that were destroyed, 
because there would be no difference between the species except in the loca- 
tion of the eggs, which in case of the forest caterpillar would be on a 
greater variety of trees and on this account more difficult to reach. This 
is, of course, an important difference, but notwithstanding, there can be 
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no doubt that the plan could be very advantageously carried out when the 
eggs to be collected were those of the forest caterpillar. As to this Slinger- 
land! writes: ‘‘ Just such a crusade has been successfully carried out even 
in so large a city as Rochester, N. Y. We believe that there is no cheaper 
method of controlling these forest tent caterpillars in village shade trees.” 
It is scarcely necessary to add that the time to seek and destroy the eggs is 
after the leaves have fallen in the autumn and from this time on until they 
appear in the spring. I donot suppose that it is practicable to do very 
much in this way in the large sugar groves, but in those that are not too 
large Iam sure that it would pay to try it, especially if there are no other 
groves near by that have been infested. It seems at first thought a hope- 
less task to go over a large tree and utterly useless to attempt to go over a 
grove; but actual experience has shown that it can be done, at least to an 
extent that is of great value, and with less labor than was expected at the 
outset. 


SPRAYING TO DESTROY THE YOUNG CATERPILLARS 


Nothing can be done in the spring, after the eggs have hatched until 
the leaves have opened sufficiently to allow spraying. This would not be 
until after.the first of May. By this time the caterpillars will have ordinarily 
been able to do some damage, but if now the leaves on which they are feed- 
ing can be well poisoned the career of the enemy will come to a sudden end. 
Any tree or trees of moderate size can be effectually protected by thorough 
spraying. The sooner this is done after the leaves are expanded the more 
likely it is to be effectual, as less damage is done of course early in the sea. 
son than later, and, too, the caterpillars are more easily killed when small. 
Indeed, some authorities assert that spraying is of little use unless done 
before the caterpillars are half grown. Spraying to be most effectual should 
be done in this state about the first of May and certainly before the end of 
the second week in May. 

Probably the best poison to use on maple and apple trees is paris green 
five ounces in a forty gallon cask of water, to which is added a pint of fresh 
lime water. Arsenite of lead, which has been very extensively and success- 
fully used by the Massachusetts gypsy moth commission, is excellent for 
all sorts of trees and is less likely to injure the foliage than paris green. 
This can now be bought from almost any large dealer in insecticides. 
Spraying will also be found useful against any leaf eating -larvee, such as 
the fall canker worm, so abundant last fall in many parts of the state, 
that may be infesting the trees in company with the forest caterpillar. 


DESTROYING THE CATERPILLARS WHEN CLUSTERED 
If no remedial measures have been taken until the caterpillars are 
well grown, it is then better to attack them with kerosene or‘its emulsion. 
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The habit this species has of collecting in clusters as already described, is of 
great assistance in accomplishing their destruction. 

During the brighter and warmer parts of the day they are usually very 
easily dealt with by applying kerosene to the clustered insects. If one has 
the apparatus for spraying, clear oil may be sprayed on the worms ora 
bunch ofcotton waste or any such material can be dipped in oil and the 
clusters patted with it. Ifcare is exercised to get as little oil as possible 
onthe bark of the trees, little or no injury will result. A very small 
amount of oil, if it is on the caterpillars, is sufficient to destroy them, if not 
at once ina short time. The masses of worms can also be killed by the same 
sort of torch as is used against thetent caterpillar. Towardsthe end of the 
caterpillar period, that is, just before they begin to spin the cocoons, a 
great many may be destroyed, as we have seen, by brushing them from the 
lower parts of the trees, fences or wherever they congregate, into a pan of 
kerosene. If everybody who can would see that this is done, a vast num- 
ber of the caterpillars would be destroyed. 


BANDING THE TREES 


It should always be remembered that banding does not protect those 
trees on which the moths have laid their eggs. The moths fly freely in the 
latter part of the season and place the eggs, in the manner described on a 
preceding page, on the twigs, and for this reason, the tops of trees are most 
severely damaged. The caterpillars that hatch from an egg cluster begin to 
feed on the nearest leaves and do not generally leave thattree so long as 
there is abundance of food ; but ifatree is nearly stripped of leaves, or if 
the branches have been jarred, they creep down thetrunk, or drop to the 
ground, and then soon seek another tree. When the caterpillars are small, 
they may be easily jarred from the branches on which they are feeding, 
and small trees may be cleared of them inthis way, but when nearly 
grown they do not so readily drop from the tree. Banding, is, therefore, 
useful only as it prevents those caterpillars that have left the tree on which 
they were hatched from crawling back or getting at the foliage of an unin- 
fested tree. Ido not mean in saying this to disparage banding, for it is 
often very useful and I wish torecommend it. It must, however, be prop- 
erly done and at the proper time. Ihave seen not a little banding in this 
state that was absolutely useless because it was not done in time. It must 
be obvious to any one that banding can beof no use after the caterpillars 
have begun to spin their cocoons ; and yet I have seen bands applied with’ 
considerable trouble after every caterpillar had ceased to crawl for that 
season. Bands should be applied to the trees not later than the middle of 
May and it will be better to get them on by the first of the month forlat 
any timecaterpillars_are, likely,to be jarred from trees and the bands; will 
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prevent them from going back. Asthe worms do not creep up the trees 
after the last of June and usually not after the middle of that month there 
is no need of keeping bands on the trunks alter that time. 

A great variety of materials have been used with more or less 
success. No one form of band, or particular substance spread upon 
the bands, appears better than all others. Several sorts appear to be 
about equally effective. There is more difference in the cost of different 
kinds than in their utility. The common sticky fly paper was extensively 
used in several of our larger towns last season and, so far as I could see, 
was very convenient, and effectually prevented the caterpillars from going 
upthe trees. Bands of tarred paper smeared with lard or any grease, are 
good. Some persons mixed sulphur with the lard, but I do not think 
this of any additional value. Burlap bands, around which is placeda 
strip of tar mixed with two parts of oil,are cheap and effective if the tar 
smear is not too narrow. It should be at least three inches in width. 
Tar alone, either coal or wood tar, soon hardens and then the worms go 
right over it. The caterpillars can seldom cross strips of cotton wool if they 
are three or four inches wide ; but if this material is used it must be carefully 
adjusted and well fastened to the trunk, or the wind will break it so that 
spaces through which the caterpillars can creep will be exposed. The neat- 
est bands ofthis sort that I have seen were made of strips of sheepskin 
tanned in the wool. These appeared to be efficient and they certainly 
presented a much more tidy appearance than any other bands. There are 
two patented compounds of, I judge, coaltar and other substances, which 
are easily applied on bands and remain fresh for some weeks. These are 
Dendrolene and Raupenleim. They can be placed directly on the bark of 
the tree if it is not too young, in which case it may injure the tree and should 
be put on a paper or other band. On old trees the rough bark may be 
scraped smooth in a belt three inches wide around the tree and then the 
mixture smeared on with a knife or stiff brush. Probably the Raupenleim 
is the better of the two though Dendrolene is cheaper. The former can be 
bought of William Menzel & Co., 64 Broad St.,N. Y. for $1.00 per five pound 
can or of the Bowker Fertilizer Co., Boston. The chief objection to the 
use of this material if applied directly to the trees is that it remains a disfig- 
urement for a long time. A strong potash wash will, however, remove it. 
If paper bands are first placed about the trees and the Raupenleim 
puton these the objection does not hold, for, of course, these can be re- 
moved at any time; on the whole this is the safer way to use the mixture. 
Various forms of metal bands have been tried, but it isdoubtful whether 
any such band can be furnished as cheaply as the equally effective kinds 
just mentioned. Mr J. H. Neill of Waitsfield writes that he has used 
strips of tin four inches wide with good results. He nails these tothe 
trees on the upper side leaving the lower side flaring two or three inches 
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rom the"trees and puts cotton between the nailed side and the tree to 
make a close fit. He thinks this sort of band would not cost more than 
five or six centsa tree. A very neat, and, I doubt not, entirely efficient 
band is one made by the Expansive Tree Protector Co., Rochester, N. Y. 
This—figure 13—is a wide, flaring, galvanized iron band with a felt top 


where it fits the tree, which can 
be put on or taken off in a very 
short time, as it is held in place 
by a spring and hook. Both 
felt and metal are coated with 
repellant substances. The first 
cost of this band is considerably 
more than that of most of those 
mentioned, but it is much less 
disfiguring, and can be removed 
FIGURE 143. METAL AND FELT BAND noheat up eager needed and pat 
Adjustable to trees of any size. Patented 1899 %WaY for another year. I see no 
reason why, as the advertise- 
ment claims, it will not last for years. If this is true these protectors 
would not in the long run be at all expensive, for the first cost is not 
great, fifteen cents for the first foot and five cents for each additional 
foot. These bands can be bought from Mr. G. F. Wells, Burlington. The: 
bands are made for trees of all sizes. 

Caterpillars were dislodged in great numbers from the large trees at 
Montpelier last spring by streams of hydrant water, and were prevented! 
from reascending the trunks by banding. Similar expedients are reported| 
in use in New Hampshire and New York. 


DESTROYING THE COCOONS 

Duringthe early part of July much may be accomplished by collect~ 
ing and burning the cocoons. Children might be employed at this work 
and a relatively small amount of money could often be well spent in hiring: 
them. This is open to some objection in places where parasites are 
abundant, because these latter would perish with the rest. Ordinarily, 
however, Ido not think that as much harm would be done from killing 
the parasites as good from the destruction of the larger number of the in- 
jurious insects. If the parasites were sufficiently numerous to make it 
worth while, the cocoons could be placed ina box, or barrel, and the top 
covered with a netting which would let the small parasites escape but not 
the moths as they came from the cocoons. 


CATCHING THE MOTHS 
This has been suggested by some writers, but I doubt if ordinarily very 
much can be accomplished inthis way. Traps of divers sorts nave been 
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recommended, but they are not very valuable aids in exterminating the in- 
sects, though they do accomplish something. There is one trap, however 
which though not set for the moths, does capture vast numbers of them. 
The electric lights in our towns and villages are annually destroying 
countless numbers of insects. Last season while the moths of the forest 
caterpillars were most active the globes of the street lights in Burlington 
were sometimes a third full of insects, largely of this species. 

Iam well aware that the question which in this state has been most 
anxiously asked, How can we save our sugar places? has not been satis- 
factorily answered. Nor can it be. I have given allthe remedial and pre- 
ventive measures known, and so far as the shade and the fruit trees are con- 
cerned the methods named will prove effective, but they are not so appli- 
cable to a large grove. If a town owned a steam spraying apparatus, this 
might be used with success in any ordinary maple grove as well as on the 
shade trees along the street. A spraying machine costing $200 or $250 
would be a most useful piece of property in many of our villages, and its 
proper use would not only preserve the shade trees, but, in most cases, 
prevent injurious insects from spreading from these to fruit trees. A large 
number of the most destructive insects can be most effectively held in 
check, if not destroyed, by spraying. A large spraying machine is too ex- 
pensive perhaps forthe ordinary farmer’s bank account, but if a good 
apparatus were purchased by a village and rented to owners of maple groves 
it might be agood investment for both village and farmer. While it is not 
asmall task to spray a hundred or more trees, it is not so burdensome as 
some may fancy. I think it has been the experience of most who have 
tried it, that when once well started, the spraying of a considerable number 
of trees requires less time and labor than would at first have been supposed. 
If a sugar orchard has not been attacked, it may be very well protected by 
banding, at least for that season. When, however, the trees are visited by 
the moths which deposit their eggs on the upper branches, then as these 
hatch the following season, there is no remedy but spraying. If neither 
spraying nor banding is practicable, then all that the owner of a maple 
grove can do is to hope that the parasites will be so abundant that, if not 
that season, then next the enemy will be routed without his help. As we 
have seen, this is not an idle hope. The effects of parasitism and disease 
are already seen in this state in the large number of cocoons which failed 
to develop and also in the small size of the egg clusters which has been 
very noticeable of late. Slingerland! says of New York ‘‘ We visited sev- 
eral maple sugar bushes last year where the caterpillars had just finished 
stripping the foliage from all the trees and we never saw so many parasitic 


1 Loc. cit. p. 561, 


Tae Forest CarerrrLuar 137 


foes ; the little ichneumons and tachina flies were surprisingly numerous 
and busy getting in their deadiy work on the caterpillars. We hope and 
believe that the enemies of the caterpillars can be depended upon to get the 
upper hand and control the pest in the forests and sugar groves of New 
York in a year or two.’”’ I believe that we may say the same of Vermont. 

Certainly, if those interested will do all that they can to diminish the 
numbers of caterpillars by the means indicated on the preceding pages we 
have reason to hope that by the combined attacks of man and parasites 
it will not be long before all serious injury from this insect will cease. 


SHOULD CATERPILLAR-EATEN MAPLES BE TAPPED ? 


This question is being asked frequently and earnestly. 

Whether or not to tap will depend upon circumstances of which the 
sugar-maker is the best judge. His decision should be influenced by the 
following considerations. The sugar is the reserve food of the tree stored 
last season to feed the buds this coming spring. The amount of sugar taken 
from an ordinary maple tree by tapping is from two to four per cent of its 
total sugar content. This is so small a fraction as usually to cause no 
appreciable loss to the tree. But if the leaves have been so badly eaten by 
the caterpillars during the past seasons as to have its life endangered, it 
might be undesirable to make even this small drain which would somewhat 
decrease the chances of life for the tree. 

It is to be remembered, however, in this connection that all of the 
stored sugar is manufactured in the green leaves in the summer and fall. 
Now if the leaves were eaten by insects there would be proportionately 
less sugar in the sap, and in case the damage to the foliage was really 
serious, the sap might be so low in quality as regards sugar content that it 
will not pay to tap the trees in any case. On the other hand, if there is 
enough sugar present to make tapping profitable, then there is enough so 
that the removal of the two to four per cent will not appreciably affect the 
tree. 

It is believed, therefore, that the safest way for one who is in doubt is 
to determine the quality of the sap from his trees, selecting several repre- 
sentative trees and taking samples from these before tapping the remainder. 
If the sap is of good quality he may safely tap. If, however, it is of poor 
quality—that is, deficient in sugar—it will be both unsafe and unprofitable 
to tap. 

The directions may be tersely put thus: Tap if there is sugar enough 
to make it pay to do so. 
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THE FOREST TENT-CATERPILLAR. 
V. H. LOWE. 


SUMMARY. 


The forest tent-caterpillar has been unusually de- 
structive during the past season, itsravages.extending 
over a wide area. The caterpillars feed upon the 
foliage of a large variety of forest, shade, and fruit 
trees, but during the past season have been especially 
destructive to sugar maples.. 

The life history of the insect is similar to that of the 
apple-tree tent-caterpillar, discussed in Bulletin 152 of 
this Station, except that the forest tent-caterpillars 
do not build conspicuous nests. 

The insect may be successfully combated in all of 
its stages, but under most circumstances, is cepeciuy 
susceptible in the caterpillar stage. 


INTRODUCTION. 


Probably the most important entomological event in this State 
during the past season was the unusual outbreak of forest tent- 
caterpillars in Central, Eastern and Northern New York. 
While this insect is not a new comer in the forests and orchards 
of this State, there are no records indicating that it has ever 
before occurred in such great numbers over so wide an area. 
Although the caterpillars were unusually numerous in certain sec- 
tions of the State, the distribution of the species within our 
borders is not limited to these sections. On the contrary it is 
found over almost the entire State and in sufficient numbers to 
make it of much economic importance. 

The forest tent-caterpillar differs from most species usually 
discussed in our bulletins in that it is of importance not to the 
farmer alone, whose fruit and forest trees it readily defoliates, but 
to the people of the villages and cities as well, when, as during 
the past season, the hordes of caterpillars defoliate and render 
unsightly the maple and other shade trees of many village and 
city streets. 

This extensive destruction has created a general interest in the 
species so that there is a demand from all classes of people for 
information on the subject. The writer has had the species under 
observation during most of the past two seasons and has prepared 
this bulletin with the hope of aiding in disseminating the desired 
information. 


THE FOREST TENT-CATERPILLAR. 
Clistocampa disstria Hiibn. 
Order LEPIDOPTERA. Family LAsIocAMPID. 


CLASSIFICATION AND NAME. 


_ Classification.—As indicated by its scientific name the forest 
tent-caterpillar belongs to the same genus, and hence to the same 
order and family as the apple-tree tent-caterpillar discussed in 
Bulletin 152 of this Station. ‘The two species are closely related 
and have many similar habits. 

Scientific name.—The species was originally described by 
Hiibner,” probably in 1822, as Malacosoma disstria, but was later 
referred to the genus C/iszocampa established by Curtis in 1828. 

Popular name.—The popular name ‘‘. Forest Tént-Caterpillar ”’ 
or as occasionally given ‘‘ The Tent-Caterpillar of the Forest ” is 
in reality a misnomer for the caterpillars seldom spin a true tent 
although they have the habit of leaving a thread of silk wherever 
they go. It has also been referred to by some writers as the 
‘* Forest Caterpillar.’’ 


HISTORICAL ACCOUNT. 


The forest tent-caterpillar is considered a native of Eastern 
North America. Wedo not know how long it has been depre- 
dating the forests, but its ravages have been noted for more 
than a hundred years. One of the first authentic references’ 
to it was in 1797 with which account probably the first figures 
of the caterpillar and cocoon are given. That the insect 
was then known to be a very destructive one is indicated by the 
statement of Mr. Abbott that it ‘‘is sometimes so plentiful in 
Virginia as to strip the oak trees bare.’”’ Asa natural result of 


"Verzeichniss bekannter Schmetterlinge, p. 122. 
?Smith and Abbott. Insects of Georgia, p. 117. 
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the settlement of the country, the clearing of the land and the 
planting of orchards, the depredations of the caterpillars gradually 
became more noticeable. It is not probable, however, that it was 
considered a very serious pest in the orchard until 1841, when 
Harris? mentioned it briefly. In 1844 the same writer discussed‘ 
it more at length, referring to it as ‘‘a new depredator of the 
orchard’’ as if he considered the habit of feeding upon the foliage 
of fruit trees a newly acquired one. Like most other insects this 
species undoubtedly had its periods of abundance and decline, but 
of this there is little positive evidence in the early references to it, 
Harris’ again mentioned it in 1852 as an apple pest, as did Fitch® 
in 1856'and1858. There appears to be no further indication of 
extensive injury until 1866 and 1867, when the caterpillars again 
became very abundant, especially in Western New York. Since 
then there have been frequent accounts of their ravages all 
along the Atlantic States, the outbreaks usually being confined to 
quite limited areas. Some of the most important of these were in 
Maine in 1863, 1867, 1874, 1875 and in 1889; also in South 
Carolina in 1891 when the caterpillars appeared upon the forest: 
trees in almost incredible numbers. During the past three or 
four years there has been a notable increase in the number of 
caterpillars in New York and throughout the New England 
States. 

But little was written about the history of this insect in the west 
previous to 1870, when Dr. C. V. Riley’ mentions its ravages 
during the previous two years in Arkansas, and also states 
that ‘‘in many parts of Missouri it has been very destruc- 
tive during the past two summers.’’ From the statements of 
Riley, Bruner, Murtfeldt and Lugger it appears that the cater- 
pillars have caused a similar and probably equal injury from time 
to time in the middlestates. The extent of its distribution in the 
west is not definitely known, but it probably occurs sparingly as 
far west as California. 


3Harris. Insects Injurious to Vegetation. rst ed., p. 271. 

‘New England Farmer, 5: 412. 

$Harris. Insects Injurious to Vegetation. 2d ed., Pp. 291. 

‘Fitch. Second and Fifth Reports on the Insects of New York, 
7American Entomologist and Botanist, 2: 245; 261-266, 
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History in New York State-—Among the first to write about 
the ravages of the forest tent-caterpillar in this State was Dr. Asa 
Fitch, our first State Entomologist. There are no indications in 
his writings that the insect was considered of especial economic 
importance in this State during the first: half of the present century. 
He refers to it but twice in his fourteen reports. The first 
reference’ was in 1856 in which he states that ‘‘here at the north this 
insect is far less common than the other species ’’ (the apple-tree 
tent-caterpillar, C. americana). In this report and later? he 
considers it a serious pest to the oak, but otherwise of rio especial 
economic importance. . 

One of the earliest outbreaks in the State of which there is a 
record was in Western New York in 1866 and 1867 when the 
caterpillars occured in great numbers upon the foliage of both 
forest and fruit trees. In 1886 Dr. J. A. Lintner’, second State 
Entomologist of this State, referred to their serious depredations in 
apple orchards in some sections of the State. During the past ten 
years this insect has attracted much more attention than at any 
time previous. Dr. Lintner” recorded the appearance of the cater- 
pillars in great numbers in Washington Co., in 1889-90. They 
were especially destructive to maple trees. Again in 1893 he 
referred to their ravages in the apple orchards in certain sections of 
the State. During 1896 and 1897 the caterpillars were abundant 
throughout the Central and Northeastern part of the State and dur- 
ing the two following years there were several important out- 
breaks in some of the timbered sections. 


THE RECENT OUTBREAK IN THIS STATE. 


Its extent.—Although as previously indicated the forest tent- 
caterpillar is far from being a new comer in the State we are 
unable to find any records which indicate that it has ever before 
occurred in such great numbers over so wide an area within our 
borders. To ascertain approximately the extent of the outbreak, 


8Ritch. Second Report on the Insects of New York. 1856, pp. 198, 199. 

9Fitch. Fifth Report on the Insects of New York. 1859, pp. 820, 822. 

toLintner, J. A. Third Report, pp. 91,93; New England Homestead, 
20: 229. 

"Lintner, J. A. Sixth Report, p: 106. 
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letters of inquiry were sent to correspondents in nearly 
every county in the State. From the data thus secured together 
with personal observations in some of the most seriously infested 
sections of the State, the accompanying map has been prepared 
(Plate I). ‘This map is intended to show only approximately 
the area that was most seriouslyinfested. It is not improbable, 
however, that the caterpillars occurred scatteringly throughout 
the entire State as they were seen in more or less abundance 
from Long Island to Buffalo and along the most Northern 
boundaries of the State. The outbreak was most severe 
along the Western, Northern and Eastern slopes of the Adiron- 
dacks, the valley of the upper Hudson, the Mohawk valley, the 
Catskill region, in the Southern part of Onondaga and Madison, 
and throughout Cortland, Chenango and Otsego counties, and in 
the Upper Genesee valley. 

Special reports from .infested localities. —During the season 
reports were received from correspondents in localities where the 
caterpillars were abundant. These reports together with similar 
facts gained by personal observation are of value principally 
because they furnish information as to the exact distribution of 
the species. The following are the localities, the name of the 
nearest postoffice being given: Clinton County—Ellenburg Depot, 
and five miles southeast and the adjoining town west; West 
Chazy and locally throughout the Southern and Western part of 
the County; Peru and vicinity. Warren County — Putnam, 
Salem and Glens Falls. Washington County—Our correspondent 
states that the caterpillars were found throughout the county, 
and names the following postoffices: Cambridge, Greenwich, 
Granville, Salem, Argyle and Whitehall. Saratoga County— 
Saratoga Springs, Clifton Park, Elenora Station, Fort Edward and 
throughout the Southern and Eastern part of the County. 
Schenectady County—Schenectady, Duanesburg and throughout 
the County. Albany County—Albany and throughout the County. 
Rensselaer County—Castleton, Nassau, Brainard, Schodack De- 
pot, East Schodack, East Greenbush and West Sand Lake. Green 
County—South Cairo, Pine Hill and Prattsville. Dutchess County 
—Fishkill, comparatively few. Delaware County—Cannons- 
ville and Andes. Rockland County—Suffern, not abundant. 
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Orange County—Pine Bush, not abundant. Schoharie County— 
Cobleshill, Hyndsville, Seward, Sharon, Central Bridge, Scho- 
harie, Middleburg, along the Cherry Valley railroad and 
throughout the County. Montgomery County—Fultonville and 
Fort Plain. Fulton County—Johnstown and vicinity. Franklin 
County—Malone and vicinity. St. Lawrence County—Hammond, 
Chipman, Gouverneur, Constableville, along the valley of the 
Black River, Russell, Palmerville, DeGrasse, North Russell,. 
Canton, South Canton, Pierrepont and quite generally over the 
County. Herkimer County—Little Falls, Herkimer, Ilion, 
West Schuyler, Frankfort and throughout the County. 
Warren County—Salem, Glens Falls.and Cambridge. Oneida 
County—Utica, Rome, Waterville, Caseville and throughout the 
County. Otsego County—Unadilla and Worcester. Chenango 
County—Union Valley, Pitcher Springs and vicinity. Cortland 
County—Cortland, Cincinnatus and Taylor. Steuben County— 
Hornellsville, Howard, Allen, Alfred, Belmont, Belfast, Belvedere, 
Birdsall, Canaseraga, West Almond, Almond, Wellsville, 
Independence, Scio, Bath, Fremont and surrounding towns, 
Cuba and Olean. Monroe County—Rochester, Brighton and 
vicinity in limited numbers. Wayne County—Lake Side, not 
abundant. Ontario County—Geneva and in limited. numbers 
throughout the County. Seneca County—Waterloo. Although 
few: definite reports were received from the extreme Western 
counties, it is not improbable that the caterpillars were to be 
found scatteringly at least throughout the western part of the 
State as the conditions would be very similar to those in the 
western New York counties where they were observed. 


FOOD PLANTS. 


The early references to the food-plants of this insect indicate 
that it was most destructive to maples, oaks and elms. Later 
observers have recorded a large number of species of trees, shrubs 
and vines. The most complete list of food-plants is given by 
Weed.” These represent sixteen families as follows: Rosacea, 
apple, plum, hawthorn, mountain ash, cherry; Hamamelidacee, 


VN H. Agr. Exp. Sta. Bul. 64, pp. 86-37. 
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sweet gum; Berberidacee, barberry ;. Cupulifere, beech, birch, 
oak; Oleacee, ash, fringe tree ; 7i/iacez, linden; Salicaceez, poplar, 
willow ; Sapindacez, maple, horsechestnut ; Cornacez, sour gum ; 
Juglandacee, hickory, walnut; Saxifragacee, currant; Capri> 
foliaceez, diervilla, honeysuckle; Urticacee, elm; Leguminose@, pea, 
locust ; Wagunoliacee, magnolia; Vitacez, woodbine. 

During the past season the caterpillars have been especially 
destructive to sugar maples. Nextto the maples they seemed to 
prefer basswood and elm, butin some localities were especially 
‘destructive to poplar and oak. At Little Falls, N. Y., the writer 
observed them feeding upon ironwood (Os¢ryia), family Cupulifere, 
making a food-plant additional to the above list. 


DESCRIPTIONS AND LIFE-HISTORY. 


The egg.—The eggs are laid close together forming bands 
which encircle the twigs. These bands or masses are abruptly 
cut off on the edges and in this the egg-masses of this species 
differ from those of the apple-tree tent-caterpillar which are more 
distinctly oval in outline. The frothy covering also differs 
in color being a dull gray instead of brown. As referred to 
on a subsequent page there is a noticeable variation in their size 
this year. Plate II, fig. 1, is from a photograph of two egg- 
masses which differ greatly in size. The upper one has the more 
typical shape. 

The eggs are placed on end side by side with somewhat more 
regularity than those of the apple-tree tent-caterpillar. According 
to Riley * the female while depositing her eggs ‘‘ stations herself, 
for this purpose, ina transverse position across the twig.”’ The 
egg-laying habits of three females kept by the writer in the labora- 
tory were carefully noted. The actions of these females indicate 
that there may be exceptions to the habits observed by Dr. Riley; 
for none of them placed themselves in a transverse position across 
the twig, but stood lengthwise of it or nearly so, and moved 
sidewise while depositing the eggs. When one row was finished 
the next was immediately commenced. The eggs were placed 
very close together. With each egg an abundance of frothy 
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glue was discharged, completely covering it and hardening almost 
immediately. The females died within a few hours aftercomplet- 
ing oviposition. 

When first laid the eggs are nearly “eiuiita but soon became a 
dull gray. They measure on the average 1.2 mm. in length and 
-75 mm. in diameter at the upper end, tapering slightly to the 
lowerend. They are squarely cut off at the upperend but rounded 
at the lower. The upper end is also distinctly margined with 
white, the central area being darker and somewhat depressed. At 
first this depression is very slight but gradually more pronounced 
as the embryo caterpillar becomes fully formed. 

Small size of the egg-masses this year.—The egg-masses are said 
to contain from 300 to 400 eggs. Riley states “ that he found the 
number in five masses ranging from 380-416. Compared with these 
figures the egg masses this year are very small as indicated by the 
examination of a large number taken in the vicinity of Geneva 
and from various sections of the State. They average only half 
this size, containing, as a rule, but about 200 eggs. Many were 
much smaller than this. As each female moth probably deposits 
all of her eggs im one mass this indicates an unusual falling off 
in the number of eggs deposited. 

Time of egg laying and period of incubation.—In the latitude 
of New York the eggs are laid during the last week in June and 
first week in July. 

The young caterpillars are fully developed within the eggs 
before the summer is over, but do not escape until the following 
spring. On August 29,an examination of eggs showed fully 
developed caterpillars. Unlike the apple-tree tent-caterpillars 
which were found bent backward in the eggs examined, all of 
the caterpillars in about 100 eggs opened by the writer were bent 
forward nearly double so that the head and posterior part of 
the body came nearly together. 

The larva or caterpillar.—The earliest caterpillars probably 
appear with the first warm days of spring. This season they 
were found about Geneva during the last week in March, The 
period of hatching, however, extends over a month or more, as 
young caterpillars that had not yet passed their first molt were 


™ Amer. Ent. a‘ d Bot., 2: 261. 


42 


found at Geneva as late as May 26, and colonies of newly hatched 
caterpillars were found at various times between, while by May 22 
large numbers ot caterpillars had reached nearly full size. 

Growth.—Undet normal conditions the caterpillars are full- 
grown within about six weeks, but in case they hatch before the leaf 
buds of their food plants have burst, their development is retarded 
by lack of food. Coldor inclement weather soon after the young 
caterpillars have hatched also delays their growth. Dr. Riley’ 
states that the newly hatched caterpillars are able to fast fully 
three weeks and ‘‘to withstand any amount of inclement weather.’’ 

Feeding habits.—During the first three or four weeks the cater- 
pillars are gregarious, but as they approach full size,and especially 
after the last molt they scatter about the tree. During the earlier 
stages only a portion of the leaf is consumed, but later nearly the 
entire leaf may be devoured. Weed states” that ‘‘ the caterpillars 
commonly eat through the leaf in such a way that the outer end 
drops to the ground,’’ thus causing the insect to be relatively 
more destructive than if devouring the entire leaf. They feed 
chiefly during the night, and to a limited extent during the cool 
of the day. While not feeding they were oftefi seen last season 
resting in small groups upon the leaves, as shown in Plate 
II, fig. 2, which is from a snap-shot taken on a very warm day: at 
11:15 A.M. The natureof the injury to the leaves is also shown 
in this picture. 

Silk spinning habit.—From the first the young caterpillars 
spin a thread of silk wherever they go, but seldom if ever makea 
true nest. Sometimes a few leaves that the caterpillars have 
passed over will become covered with silk and attached to adjoin- 
ing leaves, thus giving the whole the appearance of a rude nest 
or tent. If disturbed the young caterpillars will drop quickly 
to the ground. In the bulletin just referred to Dr. Weed reports 
an observation by Mr. W. F. Fiske to the effect that the young 
caterpillars when suddenly disturbed while feeding will drop 
to the ground without attaching a thread. This is also 
true of the older caterpillars. When congregated upon a twig 
the young caterpillars are more apt to attach a thread which, 


s Amer, Ent. and Bot., 2: 262. 
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however, is quite likely to be broken before the ground is reached, 
This habit of dropping to the ground when disturbed, as they 
undoubtedly often are by birds or by the branches swaying in the 
wind, probably, as Weed has stated, accounts in part, at least, 
for the large numbers of caterpillars that are seen crawling up the 
trunks of infested trees. Observations upon caterpillars in con- 
finement showed that much less silk is spun after the last molt 
while crawling about than during the earlier stages. 

Sharing a nest with the apple-tree tent-caterpillar.—What is 
probably a very unusual occurrence is shown at Plate III, fig. 1. 
This nest was made by a colony of apple-tree tent-caterpillars. 
It will be observed that most of the caterpillars in sight are not 
the rightful owners of the nest, but are forest tent-caterpillars. 
The two species can be easily distinguished as the apple-tree tent- 
caterpillars have a conspicuous white line extending the whole 
length of the back, while the forest tent-caterpillars have the line 
replaced by arow of white spots. This nest was on an apple 
tree near the Station grounds. At the time this picture was 
taken, about 10:30 A. M., the caterpillars had collected on the 
sunny side of thenest. There were none on the opposite side. 
The writer watched this nest for several days and it was observed 
that the ‘‘guests’’ went out regularly with the other species 
to feed and returned with them. Upon no occasion, however, 
were the forest tent-caterpillars seen to enter the nest. Upon the 
fourth day the nest was cut open and although it was well filled 
with apple-tree tent-caterpillars none of the forest tent-cater- 
pillars could be found. A few days after these observations were 
made Mr. G. G. Atwood reported finding a similar case in an 
apple orchard a few miles distant. Although it is not uncom- 
mon to find two or three stray forest tent-caterpillars upon 
one of the nests of their near relatives, such cases as the 
above appear to be quite unusual. 

Congregating habit.—A very noticeable habit is that of con- 
gregating in large numbers on the trunks and branches of the 
infested trees. There appear to be two principal occasions for 
this, first, when resting during the heat of the day and, second, 
when about to molt. As an indication of the former, the writer 
has observed the caterpillars disperse toward evening after having 
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remained together during the greater part of the day. When 
about to. molt their usual places for congregating are upon the 
branches and trunks of the infested trees. The young caterpil- 
lars are more often found upon the former and those that are near- 
ing full growth upon the latter or on the large limbs of the larger 
trees. Plates IV is from a photograph of a group of caterpillars, 
most of which were not more than half grown, upon a limb of a 
young basswood tree. This photograph was taken at 11:30 A.M. 
In the sections of the State where the caterpillars were very 
abundant they were frequently found together, when preparing to 
molt, in such large numbers as to completely cover one side of 
the trunk of a full-grown sugar maple tree to the distance of three 
or four feet. Plate V is from a photograph taken at 3:15 P.M., 
of a comparatively small group of caterpillars about two-thirds 
grown upon a small plum tree in an orchard near Geneva. 

Restlessness of the full-grown caterpillars.—After the last molt the 
caterpillars become very restless, wandering up and down the 
trunks, along fences, etc., until finally the cocoons are spun. It 
has been observed that they feed but. little-during this period. 
This was also indicated by the colonies kept in our breeding cages. 
After the last molt they ate but very little, wandering about for 
three or four days and finally spinning their cocoons in all parts 
of the cages. 

Number of molts and descriptions.—The number of molts is 
usually four. A fifth molt occurs soon after the cocoon is spun. 
The molting periods, with the exception of the first, which was 
not observed, of a large number of caterpillars confined in breed- 
ing cages last spring were as follows: ‘The first molt was about 
May 8, the second May.16, the third May 31. About ten days 
later part of them molted a fourth time and within three days 
spun their cocoons. A small proportion of those that molted but 
three times spun cocoons. The remainder died. This lack of 
normal development was probably due to insufficient food as’ they 
were accidentally deprived of fresh food for nearly two days between 
the third and fourth molts. The periods of molting and the 
markings were observed and recorded by C. V. Riley”. in 1870. 
The following descriptions do not differ essentially from those 
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given by him. The caterpillars just after leaving the eggs 
measure on the average 2mm.in length. They are dull black in 
color with long grayish-white hairs arising from numerous 
minute tubercles. In a few days there is a slight change in color. 
The middle of the body becomes lighter, taking on a brownish 
tinge, while the extremities remain darker. The tubercles also 
become more distinct and a dark interrupted line conspicuous 
along each side. These markings become more prominent as 
the time for the first molt approaches. : 

The first molt.— The first molt occurs from ten days to three 
weeks after the caterpillars emerge from the eggs, the varia- 
tion in time probably depending upon the abundance of the food 
supply. Immediately after the first molt they measure about 
one-half inchin length. There are two pale yellowish sub-dorsal 
lines bordering the dark lines above referred to. ‘These lines 
become more conspicuous as the time for the second molt 
approaches ; the dorsal spots are also indistinctly seen. 

The second molt.—This molt occurs from a week to ten days 
after the first, when the length is about three-fourths of an inch. 
A row of eleven cream-white somewhat diamond-shaped or club- 
shaped spots extends the full length of the back. Also as Dr. 
Riley states in the reference above given: ‘‘The upper pale line 
becomes yellow, the lower one white, and the space between them 
bluish.’’ 

The third molt.—The third molt occurs about a week to ten 
days after the second. ‘The caterpillars measure about one inch 
in length. There is little change in the markings except that 
they become more distinct. 

The fourth molt.—Between the third and fourth molts is the 
most rapid-growing period of the larval life. After the fourth 
molt they measure from one and one-half to two inches in length. 
Last spring caterpillars that measured two inches were quite com- 
mon and a few were found that measured two inches and a 
quarter, 


The following technical description is by Dr. Asa Fitch.” 
‘The caterpillar, after it has forsaken its nest and is wandering about is 
an inch and a half long and 0.20 thick. It is cylindrical and of a pale blue 


* Fitch. Fifth Report on the Insects of New York, p. 821. 
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color, tinged low down on each side with greenish-gray, and is everywhere 
sprinkled over with black points and dots, Along its back is a row of ten 
or eleven oval or diamond-shaped white spots which are similarly sprinkled 
with black points and dots, and are placed one on the fore part of each seg- 
ment. Behind each of these spots is a much smaller white spot, occupying 
the middle of each segment. The intervening space is black, which color 
also forms a border surrounding each of these spots, and on each side is an 
elevated black dot from which arise usually four long black hairs. The 
hind part of each segment is occupied by three crinkled and more or less 
interrupted pale orange-yellow lines, which are edged with black. Andon 
each side is a contintious and somewhat broader stripe of the same yellow 
color, similarly edged on each of its sides with black. Lower down on each 
side is a paler-yellow or cream-colored stripe, the edges of which are more 
jagged and irregular than those of the one above it, and this stripe also is 
bordered with black broadly and unevenly on its upper side and very nar- 
rowly on its lower side. The back is clothed with numerous fine fox-colored 
hairs, and low down on each side are numerous coarser whitish ones. On 
the under side is a large, oval, black spot on each segment except the ante- 
rior ones. The legs and pro-legs are black and clothed with short whitish 
hairs. The head is of a dark bluish color flecked with numerous black dots 
and clothed with short blackish and fox-colored hairs. The second segment 
or neck is edged anteriorly with cream white, which color is more broad 
upon the sides. The third and fourth segments have each a large black spot 
on each side. The instant it is immersed in spirits the biue color of cater- 
pillar vanishes and becomes black. 


By referring to Plate III, fig. 2, the difference in the dorsal 
markings of the two common species of tent-caterpillars will be 
plainly seen. The caterpillar on the left is an apple-tree tent- 
caterpillar, the other two are forest tent-caterpillars, the one on 
the right being a lateral view. All are nearly full-grown and 
are natural size. 

The cocoon.—The cocoons are made of coarse white silk which 
soon becomes discolored by the weather. In size and shape they 
closely resemble those of the apple-tree tent-caterpillar described 
on pages 286-287 of Bulletin 152 of this Station, but are some- 
what more loosely woven and have less of the yellowish powder. 
In the vicinity of Geneva the spinning of the cocoons began last 
season about the last week in May and continued until the middle 
of July. 

Although it has been considered one of the characteristics of 
this species to utilize a leaf in making the cocoon there were many 
exceptions last season, for they were found in great numbers upon 
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the fences, out-buildings. and even upon the ground, where no 
leaves were to be had to aid in their construction. This may 
have been in part due to a scarcity of foliage in the woodlands 
where the trees had been entirely stripped. In sections where the 
caterpillars were less common, most of the cocoons were formed in 
the leaves, the leaf or leaves being brought around the cocoon as 
shown at Plate II, fig. 3. This picture shows a cocoon partly 
enclosed by two elm leaves held in place by the numerous threads 
of silk attached tothem. Some of the forest tent-caterpillars kept 
in the breeding cages showed a tendency to forsake this habit ; for 
out of about 150 over half spun their cocoons upon the sides of the 
cages,the remainder utilizing the leaves that were there in abund- 
ance. Most of these caterpillars spun their cocoons during the 
night, but a few kept in a darkened room began during the latter 
part of the afternoon. These were observed to require between 
five and six hours to complete the work. After completing the 
cocoon the imprisoned caterpillar molts once and then passes to 
the pupa stage. 

The pupa.—Both male and female pupz are reddish-brown in 
color. The former measures about five-eighths of an inch in 
length and the latter three-fourths. 

Moths: time of appearance ; habits.—Last spring in the vicinity 
of Geneva the moths were occasionally seen by June 20. A 
large number of cocoons gathered from various parts of the 
State where the caterpillars were very abundant furnish interest- 
ing data as to the length of time during which the moths are 
issuing, the percentage of males and females and the percentage 
parasitized. As will be observed the moths issued from these 
cocoons from June 26 to July8. The data in the following table 
was obtained from 2,500 of the cocoons.” 


19 Cocoons to the number of 3757 were sent in from various sections of the 
state. Nearly 1,000 of them had hatched before being gathered leavin g about 
2700 unhatched. For most of these cocoons the writer is indebted to Mr. A. 
R. Eastman, Waterville, N.Y., Mr. D. H. Burrell, Jr., Little Falls, N. Y., Mr. 
J. B. Tuckerman, Cassville, N. Y., and Mr. J. M. Budlong, West Schuyler, 
N. Y. 
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EMERGENCE OF MOTHS FROM COCOONS OF FOREST TENT-CATERPILLAR. 


Date. Males, Females. 
JME 26 ieee cee sesesensstnsiquicans 3 14 
BE ADD: suse cactens aise, esashxa ce a caven Io Io 
G0 328 aus datteennn aR Io 2 
M29. esinc sage taenear 42 IL 
OS BO seat su te barase 31 5 
July “Lesrcecsgese eax 73 67 
a een ere 342 284 
RE CIA isis Su So ycitueneati hie 75 84 
OG Ae a aeciern anh Gadudeduiniaveud ! 132 132 
OE) AG: specie nth at cseastaacats 64 98 
OO SB wikis sasern aaa sncarattiee 12 25 
794 672 
Total males and females...... Lite OWeRgis Sarees Hates 1,466 
Number of cocoons parasitized............ 0... c eee e eee 312 
Number cocoons unhatched...... 0.0.0... 0c. cece eee ee 722 


These figures show that a little over 4o per ct. of the 2,500 
cocoons failed to produce moths. Also that lessthan 47 per ct. 
of those that hatched were females and that the greatest number 
of moths escaped during the first five daysof July. A little over 
12% per ct. were parasitized and more than 28 per ct. produced 
neither moths nor parasites. 

The moths are active, restless insects. They fly only at dusk 
and during the night. The females are ready to lay eggs soon 
after leaving the cocoons, but probably live but a short time after 
the eggs have been deposited. Some female moths kept in the 
breeding cages laid theireggs within two days after escaping from 
the cocoon and died before the end of the third day. 

Descriptions.—In general the moths resemble those of the 
apple-tree tent-caterpillar except that the oblique lines across the 
fore-wings are dark instead of light in color. ‘The general color 
of typical specimens is buff with a brownishtinge. An exami- 
nation of a large number of moths showed a wide variation from 
this even in the individuals that do not approach the varieties, 
referred to on a subsequent page. Both wings and body are sub- 
ject to decided shadings of either a yellow or brownish cast. A 
male moth of average size spreads about one inch, but in the 
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moths reared last spring a few were found that spread but 7 inch 
and a few that spread 134 inches. There is less variation in the 
markings of the females but an equal or greater variation in size. 
A female of average size was found to spread 134 inches, the 
smallest 114 inches and the largest 134 inches. The two upper 
rows of moths on Plate VI show the variation in size. The 
upper row are males and the second row females. 

The following detailed descriptions of the male and female 
moths are by Dr. Asa Fitch.” 


‘‘The male moth usually measures 1.20 inches across its spread wings. 
Its thorax is densely coated with soft hairs of a nankin-yellow color. Its 
abdomen is covered with shorter hairs which are light umber or cinnamon 
brown on the back and tip and paler or nankin-yellow on the sides, The 
antenne are gray freckled with brown scales and their branches are very 
dark brown. The face is brown with tips of the feelers pale gray. The 
fore-wings are gray, varied more or less with nankin yellow, and they are 
divided into three nearly equal portions by two straight dark brown lines 
which cross them obliquely, parallel with each other and with the hind mar- 
gin. * * * * The fringe is of the same dark brown:color with the 
oblique lines, with two whitish alternations towards its outer end. But 
some times it is of the same color with the wings, and edged along its tip 
wih whitish. The hind wings are of a uniform pale umber or cinnamon 
brown, sometimes broadly grayish on the outer margin and across their 
middle a faint darker brown band isusually perceptible, its edges on each 
side indefinite. The fringe is of the same color with the wings or slightly 
darker and is tipped with whitish. The under side is paler umber brown, 
the hind wings often gray, and both pairs are often crossed by a narrow dark 
brown band which, on the hind wings, are curved outside the middle. All 
back of this band,on both wings,is often paler aud more so near the band.”’ 

‘‘The female is 1.75 inches wide andin addition to the shortness of the 
branches of her antenne, differs from the male in her fore-wings, which are 
proportionally narrower and longer, with their hind margin cut off more 
obliquely, and slightly wavy along its edge. Hence, also the dark brown 
lines cross the wings more obliquely, the hind one in particular forming a 
much more acute angle with the outer margin. And all the wing back 
of this line is sometimes paler or ofa brownish, ashy color. And the fringe 
of these wings has not the two whitish alternations which are often so con- 
spicuous in the male. The head and fore part of the thorax is cinnamon 
brown. The abdomen is black; clothed with brown hairs, though very 
thinly so on the anterior part of each segment, where these lines are inter- 
mingled with silvery gray scales.’ 


_ » Fitch, Asa. Fifth Report, p. 822. 
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Varieties. —Two varieties of this species have been described. 
Numerous specimens of both were reared from the cocoons 
above referred to. They are as follows: 

Variety sylvatica Harr. has the space between the lines filled in 
forming a broad brown band across each anterior wing. Plate 
VI, third row; the two on the left are males and the third a 
female. 

Variety thoracicoides Neumoegen and Dyar, has the bands 
wanting or very obscure. Plate VI, fourth row ; all males. 

Among the specimens reared in the laboratory there was 
an interesting series showing a gradual gradation from the light 
typical form with the two well marked bands, to the variety 
sylvatica having the space between filled in with brown forming 
the broad bands as above described. Plate VI, fifth row. 


SUMMARY OF LIFE-HISTORY. 


In the latitude of New York State the eggs are usually laid 
during the last week of June and until about the second week of 
July. They are placed in bands extending around the twig and 
are covered with a shining frothy glue. The caterpillars are fully 
formed in the eggs before the summer is over, but do not escape 
until early the following spring. ‘They feed upon the foliage of a 
large variety of trees and shrubs. They spin a thread of silk 
wherever they go, but do not build nests. When not feeding or 
when about to molt they gather often in large numbers upon 
the limbs or trunks of the infested trees. Pupation takes place 
during the latter part of May orearly in June, the cocoons being 
placed either upon the leaves or in almost any locality near the 
ground. The moths appear during the latter part of June and 
early July. The eggs are at once laid. Thereis but one annual 
brood. 


NATURAL CHECKS. 


The same natural agencies mentioned in Bulletin 1 52, page 289, 
as operating against the apple-tree tent-caterpillar probably have 
an equal influence upon this species. In addition to unfavorable 
climatic conditions, birds, insects and diseases have a marked 
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effect upon this species. According to Kirkland™ the common 
garden toad also feeds upon the caterpillars. 

Birds.—A careful study of the birds in the sections of the State 
which were infested with the caterpillars last spring would 
undoubtedly have reyealed many species not recorded here feed- 
ing upon this insect in its various stages. Reports from careful 
observers together with limited observations by the writer indicate 
that the following birds feed upon this insect in some of its 
stages: The black-capped chickadee feeds upon the eggs proba- 
bly chiefly during the winter when other animal food is not 
abundant. The writer has taken the eggs from the stomachs of 
chickadees shot during the winter in localities where the cater- 
pillars were not especially abundant. The yellow-billed cuckoo, 
Baltimore oriole, American red start, cat bird and robin feed upon 
the caterpillars. In addition Weed” reporting the observations 
of Miss Soule records chipping sparrows, red and white-eyed vireos, 
cedar bird, and nut-hatches feeding upon the caterpillars; chicka- 
dees upon the cocoons; and robins, chipping sparrows, yellow 
birds and English sparrows feeding upon the moths. Undoubt- 
edly many more of our smaller birds feed upon the young cater- 
pillars. 

Predaceous insects—The predaceous insect enemies herein 
recorded may be divided into two groups: The coleopterous 
(beetles) and the hemipterous (bugs). The caterpillars fall an 
easy prey to these enemies when crawling about upon or near the 
ground. The following are included in the first group: Calosoma 
scrutator Fab., and Calosoma calidum Fab., two of our largest 
species of predaceous ground-beetles, which have frequently been 
observed attacking caterpillars of various species. Dr. C. V. 
Riley? and Mr. Wm. Saunders™ were probably the first to record 
them feeding upon the caterpillars of this species. 

According to Felt Burgess states that Calosoma wilcoxi LeC. 
fed readily in confinement upon the caterpillars. Included in the 


"Mass. (Hatch) Agr. Exp. Sta. Bul. 46, pp. 22 and 25. 
Bull. 64 N. H. Agr. Exp. Sta. pp. 91-92. 

2Amer. Ent. and Bot., 2: 265. 

Insects Injurious to Fruits, p. 57. 

Bull. N. Y, State Museum, No. 23, p. 196. 
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second group are the two predaceous bugs, Podisus placidus Uhler 
and Podisus seriventris Ubler, which Kirkland” has recorded feed- 
ing upon the caterpillars. Saunders records” a species of 7vom- 
bidium feeding upon the eggs. 

Parasitic insects.—The parasitic insect enemies may also be 
divided into two groups: The dipterous parasites and the hymenop- 
terous parasites. Of the former group Coquillett*® records the 
following as parasites of the caterpillars; Euphoracera claripennis 
Macq,, bred by C. H. Fernald, Amherst, Mass., Frontinia frenchit 
Will., previously recorded by Harvey” and Zachina mella Walk. 
also previously recorded by Harvey. During the past season 
the writer has also bred the last named species together with 
Calliphora erythrocephala Meigen, which Coquillett states is 
evidently a scavenger. Both species were kindly identified by 
Mr. D. W. Coquillett. 

The second group, the hymenopterous parasites, are probably 
more effectual in keeping the forest tent-caterpillar and other 
insects in check, because they are usually much more abundant. 
The following species have been recorded as preying upon the 
caterpillars. Limneria fugitiva Say recorded” by Riley, and Pimpla 
pedalis Cres., by Wm. Saunders.* From the 2,500 cocoons kept 
by the writer in the laboratory 287 individuals of the species 
Pimpla conquisitor were reared, of which 218 were females, leaving 
69 males ; Pimpla pedalis, two females and one male; Theronia 
fulvescens, one male. The following species kindly identified by 
Mr. Wm. H. Ashmead, assistant curator of the U. S. National 
Museum, were also reared from these cocoons: Diglochis 
(Phromalus) omnivorous Walk. ; Miotiopis clisiocampe Ashm. 
As shown on page 48 but 312 or only about 12% per ct. of the 
2,500 cocoons were parasitized. 

Disease.—A disease, evidently bacterial, attacked many of the 
caterpillars last season materially reducing their numbers. This 


6 Mass. (Hatch) Agr. Exp. Sta. Bull. 46, p. 25. 

7Ann. Rept. Ent. Soc. Ont. 1878, p. 28-30. 

*Bull. No.7, U.S. Dep. Agr. Div. Ent. Tech Series, pp. 11, 16, 21, 24. 
*»=Psyche, May 1801, p. 85. 

x°Insect Life, 8: 157. 

3"Insects Injurious to Fruits, p. 57. 
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appears to be the same disease that attacks the apple-tree tent- 
caterpillar mentioned in Bulletin 152, page 291. 


COMBATING THE INSECT. 


Owing principally to the fact that the caterpillars attack a large 
variety of trees, this subject is a somewhat complicated one. In 
badly infested localities, however, it has three distinct phases. 
First, combating the insect in the forest ; second, combating the 
insect when attacking shade trees ; and third, combating the 
insect in the orchard. We will discuss the subject under each of 
the three heads reversing the order given above. 

Combating the insect in the orchard ; destroying the eggs.—After 
the leaves have dropped the egg masses are somewhat con- 
spicuous. When pruning the trees they should be carefully 
looked for and destroyed. If the orchard has been badly infested 
it will pay to make a special search for them. 

Destroying the caterpillars.—Many methods have been sug- 
gested for destroying the caterpillars but there are three especially 
feasible ones, which, if carefully carried out, will usually prove 
effectual. 

First, spraying with an arsenical compound.—Any good arsenical 
will answer the purpose if applied before the caterpillars are 
half-grown. Some of the principal arsenical insecticides are 
Paris green, green arsenite and arsenite of lime. For a discussion 
of green arsenite and arsenite of lime see Bulletins 143 and 152 
of this Station. A third arsenical, arsenate of lead, has been found 
by the Gypsy Moth Commission cf Massachusetts to be especially 
effectual against the gypsy moth and to be almost harmless to 
foliage. The formula is as follows: 11 ounces acetate of lead, 4 
ounces arsenate of soda, 150 gallons of water. The directions for 
making arsenate of lead as given by Professor C. H. Fernald® are 
as follows: ‘‘ Arsenate of lead is easily prepared by putting 11 
ounces acetate of lead in 4 quarts of water, in a wooden (not metal) 
pail, and 4 ounces of arsenate of soda (50 per ct.) in 2 quarts of water 
in another wooden pail, and when entirely dissolved mixing them 
in a hogshead containing 150 gallons of water, when a chemical 


37Ann. Rpt. Mass. Bd. Agr. 1897. 
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reaction will take place forming arsenate of lead in a fine white 
powder in suspension in the water. If cold water be used in the 
wooden pails, the solution of the acetate of lead will require a little 
time, but, however, if the water be hot, it will dissolve very quickly. 
It is customary to add from 2 to 4 quarts of glucose to the above 
amount of water. If it is desired to use larger proportions of 
the arsenate of lead, it is only necessary to use more acetate of 
lead and arsenate of soda, but a/ways in the proportions given 
above.’’ To ensure success in spraying two points should be 
kept in mind, namely, promptness and thoroughness. The 
poison will be much more effective if applied before the cater- 
pillars are one-fourth grown and of but little avail if the appli- 
cation is delayed until after they are half grown. 

Second, destroying the caterpillars when they have assembled upon 
the trunks or large branches.—This may be donein any convenient 
way. A very easy way is to crush them with an old broom 
which, to insure the death of all the caterpillars it touches, has 
been dipped in kerosene oil. The kerosene oil is fatal to them, 
and if preferred may be sprayed directly upon them. 

Third, jarring and banding.—Jarring is seldom practical except 
with small trees. The tree should be given a few quick, sharp 
raps with a padded mallet. The caterpillars will drop at once 
and may be collected and destroyed in curculio carts or upon 
sheets spread upon the ground. 

Banding is for the purpose of preventing those caterpillars that 
have been jarred off by the wind, or by birds, or have left the tree 
during the restless period just previous to pupating from again 
ascending the trunk; also to protect the trees from invading 
caterpillars, especially when the orchard is situated near infested 
shade or forest trees. The bands may be made of cotton wool in 
which the caterpillars will become entangled, or better by some 
sticky substance such as tar mixed with two parts of raw oil, or 
with raupenleim. Either of these substances should be smeared 
upon bands of paper at least a foot wide which can be tied around 
the trunks of the trees. By using the paper there is no danger of 
injury to the bark. Sticky fly paper is sometimes successfully 
used in the same way. The caterpillars will be caught upon 
these bands and soon die. Where the caterpillars are very 
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abundant so many will be caught upon the bands that other 
caterpillars can crawl safely over them. In such an event new 
bands will have to be supplied or the originals made wider. Of 
these sticky substances, raupenleim is one of the best. It can be 
obtained of William Meuzel & Co., 64 Broad St., New York, and 
the Bowker Fertilizer Co., Boston. It should never be applied 
directly to the bark. 

Collecting the cocoons.—Many of the cocoons are spun in places 
where they can be easily reached. In collecting and destroying 
them many useful parasites would be destroyed but in case of a 
serious outbreak the thorough collecting of the cocoons would 
accomplish more immediate good than the parasites. It would, 
however, be but little trouble to place the cocoons under a coarse 
netting and leave them until the parasites had escaped. The 
netting should be too fine to allow the moths to pass but coarse 
enough to allow the parasites to escape. 

Capturing the moths.—As previously stated the moths fly at 
dusk or later. They are attracted by a bright light, and may be 
captured by placing a lighted lantern over a tub of water, over 
which enough kerosene oil has been poured to make a thin film. 
The moths flying about the light will fall into the water. While 
this method may be of some value it is doubtful if many female 
moths will fly to the light before having deposited their eggs, 
after which of course, it makes no difference whether they are 
attracted to the light or not. 

Combating the insect when attacking shade trees.—All of the 
methods just described can be used to check the insect when 
attacking small shade trees. For large trees banding is of much 
value. In some of the villages in which the caterpillars were 
abundant last spring, they were dislodged from the large trees by 
streams of hydrant water and prevented from going back up the 
trunks by the sticky bands. For spraying the large trees special 
apparatus is required. Steam power isusually used. A suitable 
outfit can be purchased for from about $200 up. The increase of 
shade tree insect pests and diseases make it almost necessary for 
a village to own a spraying apparatus to ensure the preservation of 
its shade trees. 

A method of combating the insects which has been tried with 
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success is to encourage the school children to collect the egg 
masses by paying them a reasonable price per hundred. This 
may be done by the private individual or by the village or city 
authorities. In either case the expense would be trifling in com- 
parison with the good accomplished. 

Combating the insect when attacking forest trees.—When the 
caterpillars occur in such great numbers over such wide areas of 
woodland as they did last spring it is difficult to devise a method 
of destroying the caterpillars that would be practical for individual 
farmers to undertake. Banding the trees will be of much value. 
Also with comparatively little work many of the caterpillars 
which have assembled on the trunks can be destroyed. What- 
ever is done a united effort will be necessary to give the best 


results. 
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PLATE II. 


PLATE III. 


PLATE IV. 


PLATE V. 


DESCRIPTION OF PLATES. 


Ptate I—Areaover which the caterpillars were most destructive in 
Nex York State during 1899. 


Flate II.—r. Egg masses, natural size. 2. Caterpillars at rest 
.. during the heat of the day. 3. Cocoon between two elm leaves, 
natural size. (Original.) 


Plate I1I.—1. Nest of apple-tree tent-caterpillars containing both 
Species, 2. Showing principal difference in markings between the 
two species. The one on the left ts the apple-tree tent-caterpillar, all 
about two-thirds grown. Natural size. (Original.) 

Plate [V.— Young caterpillars congregated upon a small basswood 
branch. (Original.) 


Plate V.— Caterpillars congregated upon trunk of plum tree pre- 
paring for last molt. (Original.) 

Plate Wl.—First two rows, male and female moths of Clisio- 
campa disstria Hubn, showing markings and variation in size. 
Third row, C. disstria var. sylvatica Harr, the two on the left are 
males and the third a female. Fourth row, C. disstria var. thoraci- 
coides, Meumoegen and Dyar,; allmales. Fifth row shows grada- 
tion from light form with tuo narrow dark lines across each fore 
wing to dark form with dark band across the wings, all males. 
All natural size. (Original.) 
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CoRNELL UNIVERSITY, ITHACA, May 22, 1899. 
HONORABLE COMMISSIONER OF AGRICULTURE, ALBANY. 

Sir. Responding to your request of the 15th inst., for sug- 
gestions as to the controlling of the forest caterpillar, which has 
appeared in such numbers in Scoharie and Otsego Counties, I 
herewith submit a bulletin of advice by Professor Slingerland. 
Professor Bailey has already sent Mr. H. P. Gould, our expert 
in spraying, into the affected districts. It is now too late, how- 
ever, to avert the calamity of this year, but it is hoped that the 
people may be awakened for action during the coming winter and 
next spring. This emergency bulletin is submitted to be issued 
under Chapter 430 of the Laws of 1899. 

I. P. ROBERTS, 
Director. 


TENT CATERPILLARS. 


Commissioner of Agriculture Wieting, reports ina recent letter 
to Director Roberts that many orchards, in the eastern part of 
the State are overrun with forest tent caterpillars. The writer 
is also receiving daily from village authorities in eastern New 
York, appeals for aid in destroying the ‘vast hordes of the hairy 
caterpillars of the same insect which are defoliating thousands of 
beautiful shade trees, especially maples, in many village streets. 
A trip to Oneonta convinced us that an alarming state of affairs 
exists wherever this insect occurs in such almost incredible 
numbers as we saw on many of Oneonta’s fine maple shade trees. 
Thousands of the shade trees in many New York villages are 
doomed unless prompt measures are taken to destroy the cater- 
pillars, or ‘‘ maple worms,’’ as many call them. We began mak- 
ing observations upon this insect last year, when it stripped the 
leaves from many maple sugar groves in our State, and we have 
been watching it this spring, when it seems to be more numerous 
and destructive all through the state than in many years. 

Our studies are not yet completed, but there is such a general 

‘call for information regarding the insect that this preliminary 
report, or emergency bulletin, has been hastily prepared to meet 
the demand. We expect to publish a full account of the forest 
and the apple tent caterpillars, and will also discuss canker- 
worms in the near future. 


” 


THE APPLE-TREE TENT CATERPILLAR. 

Many are familiar with the common apple tent caterpillar 
(shown in figure 101), its work, and especially its large silken 
tent which a colony of the caterpillars spin and use as a nest or 
home. These tent caterpillar nests have been altogether too 
conspicuous objects in the nearby landscape in most parts of our 
state during the past twoyears. It is the work of only a few 
moments to wipe out with a rag, or burn out one of these tents 
with its writhing mass of worms. The sooner this operation is 
‘performed after the nest is begun, the easier and more effectual 
will it be. Wild cherry trees along roadsides should be 
destroyed, for they are a favorite breeding-place for the apple 
tent caterpillars, fall web worms, and other injurious insects. 
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Our orchardists should learn to familarize themselves with the 
egg-masses of the apple tent caterpillar, for one of the easiest and 
most effectual methods of controlling the pest is to collect 
and burn these egg-masses at any time between August and the 
following April; the egg- 
mass is very similar to, but 
a little larger than that of 
the forest tent caterpillar 
shown at ¢in figure ro2. 
Pay the boys and girls a 
few cents for each score or 
hundred of the egg-masses 
they collect; you will be 
doubly repaid when spring 
opens by a decided scarcity 
of caterpillar nests to wipe 
or burn out. Those who 
spray their orchards thor- 
oughly with Bordeaux mix- 
ture, to which Paris green 
or some similar poison has 
been added at the rate of 
one pound to 150 gallons of 
the Bordeaux, report little 
trouble in controlling apple 
tent caterpillars by this 
method alone. Caterpillar 
nests are usually a scarce 
article in orchards which 
have had three thorough 
applications of the above 
spray. The first applica- 
to1.—A trio of Apple Tent Caterpillars, tion should be made just 
natural size, . 

before the blossoming per- 
iod, when thecaterpillarsare very smalland require but little poison 
to kill them ; the second spraying should follow as soon as the 
blossoms have fallen,anda third application is usually necessary and 
advisable about a week or ten days after the second. Unless 
canker-worms occur in extraordinary numbers in an orchard, 
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not many of them will live through the three applications above 
specified, if they are thoroughly made, and the same statements 
will apply to the forest tent caterpillars. 


Tur Lire-SToRY OF THE TENT CATERPILLARS. 


In order to combat an insect pest the most effectively, one 
should know its life-story. This story of the lives of the apple 
and forest tent caterpillars may be briefly told by the aid of the 
pictures in figure 102. These 
two tent caterpillars are dis- 
tinct kinds of insects but are 
very nearly related to each 
other and each has practically 
the same general life-history, 
differing only in some details 
of habits. The story of the 
Apple-tree Tent Caterpillar 
(Clisiocampa americana) has 
been interestingly told in the 
Teacher’s Leaflet No. 5, which 
anyone can get free by apply- 
ing to the Bureau of Nature- 
Study, Collegeof Agriculture, 
Ithaca, N. Y. 

At the date of writing (last 
week in May), the forest tent 
caterpillars (Ciiszocampa dis- 
stria) are nearly full grown ; 
the picture at ¢ in figure 102 
was recently taken from life,  102.—The Life-story of the Forest Tent Cater- 


pillar. m,male moth ; f, female ; p, pupa ; 
In about two weeks, or early @, ege-ring recently laid; g, hatched egg- 


: 5 i ring ; ¢, caterpillar. Moths and caterpillars 
in June, the caterpillars will are natural size, andeggs and pupa are 
. slightly enlarged. 

be seen wandering about seek- 

ing a suitable place to undergo their wonderful transfor- 
mations. They may select a leaf on or under the tree on 
which they fed, as did the one shown in the frontispiece, or some 
angle in your house or rail-fence may afford a more suitable 


place. Here the caterpillar will begin to spin about itself a white 


é 
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shroud orcocoon, composed of silken threads, in which are mixed 
the hairs from its own body and the whole is given a powdery 
appearance by the caterpillar ejecting a liquid which becomes a 
yellowish powder upon drying. A cocoon is shown in figure 103. 

Within this cocoon the caterpillar soon chaages to the curious 
brown object—a pupa—shown at pin figure 102. In about ten 
days or two weeks after the cocoon is spun, or during the latter 
part of June, there emerges from it the adult insect—a buff- 
brown colored moth marked with a slightly darker band across 
each front wing; m and/ in figure 102 represent the male and 
female moth respectively. The moths fly mostly at night and 
are often attracted to lights. 

Soon after emerging, the female moths deposit their eggs in 
masses of about two hundred each around the smaller twigs, as 
shown ate in figure 102. The eggs are covered with a varnish- 
like substance ; at g in figure 102 is shown an old, hatched egg- 
mass with the varnish-like coating worn off. The eggs thus 
deposited early in July will remain 
unhatched until the following April. 
Thus there is but one brood of the 
caterpillars in a year. 

A very important difference in 
habit between the forest and the 
apple tent caterpillar should here 
be emphasized. Itisthis: A colony 
or family of forest tent caterpillars 
hatching from thesame egg-cluster, 
like their near relatives, work and 
live together during most of their 
life but they never make any tent or 
nest. ‘The only approach to a web 
made by the forest tent caterpillars 
is athin carpet spun on the bark 
or sometimes over several terminal 
leaves on which the whole family 
103.—Cocoon spun by a Forest usually rest in a cluster (as shown 

bela i ota a maple in figure 104) during the day or 
when they are shedding their skins. 
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METHODS OF COMBATING THE ForEStT TENT CATERPILLAR. 


Fortunately both the apple and the forest tent caterpillars are 
preyed upon by many enemies, including insects, spiders, toads 
and birds. Where the forest tent caterpillars confine their work 
to their native haunts—the forest trees—we must depend largely 
upon these natural enemies to hold the insect in check. That 
these enemies are capable of doing this is evidenced by the fact 
that this insect usually appears in alarming numbers only at long 
intervals and its outbreaks usually last only a few years, as their 
enemies soon reduce their numbers to the normal. We visited 
several maple ‘‘sugar bushes ’’ last year where the caterpillars 
had just finished stripping the foliage from all the trees, and we 
never saw so many parasitic foes; the little Ichneumons and 
Tachina flies were surprisingly numerous and busy getting in 
their deadly work on the caterpillars. Most owners of ‘‘ sugar 
bushes ’’ will have to depend on these little friends to check the 
depredations of the forest tent caterpillars, because it would 
usually be too expensive a job for an individual owner to under- 
take to combat the pest in hissugar grove. We hopeand believe 
that the enemies of the caterpillars can be depended upon to get 
the upper hand and control the pest in the forests and sugar 
groves of New York in a year or two. 

Where the forest tent caterpillars are present in alarming 
numbers in fruit or shade trees, however, the case is very 
different, and man should take prompt measures to check their 
ravages. In orchards the methods of gathering the egg-clusters 
and spraying with Bordeaux and Paris green, discussed on a pre- 
vious page, will usually control the forest tent caterpillars. 
The presence of these caterpillars is not so readily discovered 
because they erect no tent or ‘‘signboard’’ in the tree as does 
the apple tent caterpillar. The two kinds of caterpillars often 
occur in the same tree. 

The control of the forest tent caterpillar on village shade trees 
is a special problem, but not a difficult one, we believe. Enlist 
the aid of the school teachers, and the school children will soon 
become an invaluable army to help in protecting the trees. Let 
a few public spirited citizens or the village Board offer a prize to 
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those pupils who collect over a certain number, say 1,000 or 
10,000 of the unhatched egg-clusters at any time between August 
ist and April 1st of the following year; or pay the children a 
certain sum, a few cents for every hundred unhatched egg- 
clusters collected. All egg-clusters collected should be burned. 
The rivalry between the children will soon spread to rivalries 
between schools and the result will be that the number of the 
caterpillars will be reduced to the minimum by a single season’s 
crusade of the children ; and what may be of more value still is 
the fact that the teachers, children, and many citizens will get 
lots of fun out of the warfare and all cannot help but learn a very 
instructive lesson in Mother Nature’s ways. 

The above suggestion is not a theory, for just such a crusade 
has been successfully carried out even in so large a city as 
Rochester, N. Y. We believe there is no cheaper, and more 
instructive method of controlling these forest tent caterpillars in 
village shade trees. Begin the warfare in August or September, 
1899, or better, after the leaves have fallen so that the eggs can 
be more easily seen on the twigs, and keep it up until the last 
egg-cluster is burned before April 1st, 1900. Let the beautiful 
and valuable shade trees begin the new century free from the 
devastating caterpillars. 

Shade trees can be, and have been, sprayed with a poisonous 
mixture and these forest tent caterpillars killed thereby. But 
the spraying must be done early in the spring after the little 
caterpillars hatch, when the first leaves are unfolding ; and to 
spray large shade trees requires very expensive ($250.00 at least) 
apparatus, and experienced men to operate it. It is the nastiest 
kind of work, and the chemicals would be quite an item. Hence 
it is doubtful if spraying could be successfully employed to con- 
trol these caterpillars in many villages. When the caterpillars 
get half or two-thirds grown as they are now (last week in May) 
they are so large that it would be a very expensive matter to feed 
them enough Paris green to kill them. We believe it would be 
cheaper, easier and more effectual, to either enlist the children, 
or to carry on a vigorous warfare against the nearly full grown 
caterpillars during the latter part of May and the first week or 
two in June along the following lines : 
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Colonies of the caterpillars can be seen at almost any time of 
day clustered together on the bark of the trunk or large 
branches of the infested trees. Such a cluster of caterpillars is 
shown in figure 104. The apple tent caterpillar may usually be 
found in its nest during the day, but its forest relative makes no 
such retreat or home. Where these clusters of caterpillars 
occur in reach on the trunks of the trees it is an easy matter to 
sweep them off and crush them. It is also an easy matter to 
dislodge the clusters occurring high up in the tree on the 
branches. One has simply to climb the tree with a padded mal- 
let and suddenly jar 
(shaking will not do) 
the branches on which 
the caterpillars are 
clustered, when nearly 
every caterpillar will 
drop to the ground as 
if shot, some spinn- 
ing down by a silken 
thread, which, how- 
ever, they seem to be 
unable to ascend as a 
canker-worm does. 
One should not be sat- 
isfied with jarring the 
caterpillars onto the 
ground, but a sheet or 
canvass should have 
been previously spread 
beneath the tree, and 
someone employed 
to at once sweep the 
caterpillars into some 104.—A family of Forest Tent Caterpillars rest- 
receptacle where they 7” during the day on the bark, about one 

third natural size. 
can be burned or 
otherwise destroyed. ‘Two men could thus remove and destroy 
nearly all the forest tent caterpillars on a large shade tree in a 
few minutes, and thus stop the breeding of the insect for the next 
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season. ‘This jarring method is also applicable to orchards, and 
is in fact the only practicable method to reach the caterpillars 
after they are half or two-thirds grown, or after May 2oth in 
most localities in our state. The method can be practiced 
by individual owners of fruit or shade trees, but where 
village shade trees are infested, we would recommend that 
the village authorities hire two or more men, equip them with 
padded mallets, brooms, and sheets, and have them make a busi- 
ness of examining every shade tree and killing the caterpillars, 
All of the shade trees in a village could be thus gone over ina 
few days and millions of the caterpillars destroyed before they 
can transform. A second scrutiny of the trees by the same gang 
of mena few. days later would doubtless pay. One hundred 
dollars expended in this way, zow, by a village, to combat these 
caterpillars would not be felt by the individual tax-payers, and 
would doubtless result in saving the lives of shade trees worth 
ten times this amount. It would not be advisable to trust to 
individual property owners to jar their trees, for many would not 
do it, and thus would breed a crop of the caterpillars for their 
neighbors the next season. 

Cotton batting, coal tar, or similar bands put on trees to pre- 
vent the caterpillars from crawling up, will avail but little in 
reducing their numbers, for only those which fall from the trees 
or happen to wander from the defoliated trees will thus be kept 
from going up. : 

These hordes of tent caterpillars which are now ravaging 
shade and fruit trees in our state can be readily controlled if 
prompt and intelligent action be taken. 

M. V. SLINGERLAND. 
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The caterpillars lay their eggs on the branches of apple trees, and 
being hatched by the warmth of the spring, they form clusters, and 
inclose themselves in a web, whence they issue forth in quest of food, 
and destroy the leaves of this and other trees.—Jeremy Belknap, His- 
tory of New Hampshire, 1792. 
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These pernicious pests spread in every direction from the trees 
of the careless and the indolent to those of their more careful and 
industrious neighbors, whose labors are thereby greatly increased, 
and have to be followed up year after year without any prospect 
of permanent relief—T. W. Harris, 1841. 


A WILD CHERRY TREE IN “THE LeaFy MontTH OF JUNE” 


There is certainly no justice or reason for permitting a few or 
many men ina community to shield and shelter insects that will 
soon swarm over the grounds of neighbors, but as nothing less than 
the severe lash of the law will reach the stolidly indifferent in such 
matters, we are forced to submit and fight these enemies as they 
invade our gardens and orchards.——ANDREW S, FULLER, 1893. 


THE TENT CATERPILLAR 


BY CLARENCE M. WEED 


MONG the many insect pests of the 
Granite State none is more in evidence 
during spring and early summer than the 
Tent Caterpillar,* which for more than a 
century has ravaged the orchards of New 
England. In 1790 Samuel Dean wrote 
from Portland, Mass.: ‘‘ The principal 
inconvenience the farmer meets with from 
caterpillars is the damage they do to his 
orchard. A hairy kind of caterpillars 
build their nests on apple trees in May, 
and are gone entirely in June. But they 
feed so industriously on the leaves as to destroy a great part of 
them if they be not timely prevented. As they are far less 
mischievous than the canker-worm, so they are more easily 
subdued.” F 

Fifty years later Dr. T. W. Harris, of Cambridge, Mass., 
wrote of ‘* the caterpillars that swarm in the unpruned nurser- 
ies and neglected orchards of the slovenly and improvident 
husbandman, and hang their many coated webs upon the wild 
cherry trees that are suffered to spring up unchecked by the 
wayside, and encroach upon the borders of pastures and fields.” 
During recent years these insects have also been very abun- 
dant, and have often defoliated orchards, either alone or with 
the assistance of the canker worm. 

Apparently, many people do not realize the seriousness of 


*Clisiocampa americana. 
+ New England Farmer or Georgical Dictionary, 1790, p. 41. 


48 THE TENT CATERPILLAR 


the injury when a fruit tree is stripped of its leaves. In its 
effort to repair the damage the tree will put out new foliage, 
thereby using up the stored materials that otherwise would be 
utilized for growth or fruit. Even in case no blossoms appear 
the season the damage is done, so that no loss of fruit that year 
may be felt, the effects will be evident in next year’s crop. The 
preservation of the leaves in wholeness and health is necessary 
to the preservation of the tree ina profitable condition; the 
orchardist cannot afford to have the leaves removed or injured. 


Fic. 3.—Apple Leaves eaten by Tent Caterpillars (Original) 


The injury done by the tent caterpillar is at once distinguished 
from that of the canker worm by the fact that the former eats 
the body of the leaf, veins and all, leaving only the midrib or 
larger veins (Fig. 3), while the canker worm feeds upon the 
surface of the leaf, leaving the brown network of veins. A 
severe attack of the tent caterpillar renders the tree almost as 
bare in June as it is in mid-winter—a condition shown in the 
illustration on the second page of this bulletin—while a similar 
attack by the canker worm gives the tree a brown appearance, 
somewhat as if it had been scorched by fire. 


THE HISTORY OF A CATERPILLAR’S LIFE 


EW insects pass so long a portion of the 
year within the eggs as do the Tent Cat- 
erpillars. In July the eggs are laid in 
masses of 200 or more in a cylindrical 
cluster upon the twigs of apple and wild 
cherry. After they are deposited the 
parent moth covers them with a viscid 
liquid, which dries into a sort of varnish 
that completely coats them, as represented 
in Fig. 4. The insect remains in this egg 
state from July until the following spring, 
when the little caterpillars emerge from 
the eggs and begin feeding upon the ten- 
der foliage of the buds about them. Ina 
few days they begin to make a silken tent, 
utilizing generally, for this purpose, a fork 
of the branch. As time goes on the nest 
is enlarged. The caterpillars retire to the 

Fre. 4 Epg Mass tent at night, and during cold and wet 

(Original) weather, and when not feeding. They 
have regular times for their meals, leav- 
ing and returning to the nest in processions. They become 
full grown in about six weeks, being extremely voracious dur- 
ing the latter part of their development. They are then nearly 
two inches long, with a hairy body, ornamented with a dis- 
tinct white stripe along the middle of the back, on each side of 
which are numerous short, yellow, longitudinal lines, rather 
irregularly arranged. The sides are partially covered with 
paler lines, spotted and streaked with blue, while the lower 
surface of the body is black. The full-grown caterpillar is 
represented in Fig. 5. 

When the caterpillars become full grown most of them leave 
the tree where they have developed, and craw! about in search 
of shelter. Early in June thousands of these caterpillars may 
be seen rapidly crawling along the ground, especially by the 
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Fig. 5.—Tent Caterpillar (After Riley) 


roadside. When they find a satisfactory situation, beneath a 
board, in the cracks ofa fence, or between pieces of rough 
bark, they spin an oval, silken cocoon (Fig. 6), yellow when 
completed, within which they change to the quiet pupa or 
chrysalis state. 


Fic. 6.—Cocoon of Tent Caterpillar (Original) 
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Two or three weeks later another change takes place, and 
from each cocoon there comes forth a reddish-brown moth 
(Fig. 7). The male moths are considerably smaller than the 

= females. These moths are 
nocturnal, flying only at night, 
and are to be found throughout 
the greater part of July. The 
females deposit the eggs upon 
the twigs of trees and soon 
die. As already stated, these 
eggs remain unhatched until the following spring. 


Fic. 7.—Female Moth (After Riley) 


THE EXTENDING RANGE OF FOOD PLANTS 


The ordinary food-plants of the tent caterpillar are the apple 
and the various kinds of wild cherry. The moths apparently 
choose these in preference to all other trees for the reception of 
the egg-masses. But during the outbreaks of the insect in New 
England the last few years, as in fact in previous outbreaks in 
other regions, many of the caterpillars have been forced by 
hunger to attack the foliage of other trees and shrubs. In many 
localities the leaves of the apple and cherry trees upon which 
the insects fed when first hatched, have been wholly devoured 
before the caterpillars were half grown. Of course this must be 
the result when more egg-masses are laid upon a tree or shrub 
than can be matured upon its leaves. Thus threatened by star- 
vation the caterpillars have been forced to leave their nests, 
descend to the ground, and crawl about in search of food. Many 
of them ascend the nearest trees and shrubs, and nibble at their 
leaves. If these: leaves are. not too distasteful the caterpillars 
are likely to remain and complete their growth upon the new 
food-plant thus found. If the insects are unable to live upon 
the leaves they are likely again to crawl away in quest of some- 
thing better. Doubtless thousands of them perish outright in 
this search for food, while myriads of others prematurely change 
to pupe, and either die before maturing into moths, or develop 
into feeble adults. 

But it is very probable that many of these caterpillars which 
are able to complete their larval growth upon new food plants 
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will survive all vicissitudes and mature into moths that appar- 
ently are likely to deposit eggs upon the variety of tree that has 
furnished them food. In this way the insect will be likely soon 
greatly to extend the limits of its food-supply, and become 
much more difficult to subdue than it now is. The case is sug- 
gestive of the famous Gypsy Moth, that has lately been causing 
such alarm in Massachusetts. The unusual noxiousness of this 


Fic. 8.—Oak Tree partially defoliated by Tent Caterpillars (Original) 


pest arises from the ability of the caterpillars to feed upon 
leaves of all sorts—hard wood trees, evergreens, shrubs, and 
herbaceous plants. Therein lies its menace; and if the tent 
caterpillar is permitted to continue establishing itself upon new 
food plants, our descendants may have a somewhat similar 
pest to contend with. : 
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That this is not an imaginary danger can be seen from Fig. 
8, and from other photographs which we took but have not 
reproduced in this bulletin, showing the work of the tent cater- 
pillar upon trees and shrubs not on its usual bill of fare. And 
the most suggestive fact 
in connection with these 
changes of food is to be 
found in the great dis- 
similarity of the other 
food plants. The apple 
and cherry belong to the 
great rose family of plants ; 
botanically speaking they 
are related to each other 
as well as to the rose, the 
peach, the pear, the plum, 
the mountain ash, and 
others. It is well known 
that insects have family 
preferences in the matter 
of food; that if a given 
insect feeds upon a given Fic. 9—Diseased Tent Caterpillars (Original) 
plant we need not be sur- 
prised to find it also upon another plant closely related, belong- 
ing to the same family. 

In view of this we should expect the tent caterpillar when it 
was forced to increase its range of food to attack the peach, culti- 
vated cherry, rose, and other plants of this family. This has 
been done, and each of these is now on the tent caterpillar’s 
food list, but we have also found it feeding freely and appar- 
ently thriving upon such widely separated plants—so far as 
botanical kinship is concerned—as the oaks (Fig. 8), the hicko- 
ries, the birches, (see photograph on title page,) the barberry, 
and the willows and poplars. I found a large tent even upon 
the low evergreen known as the juniper, but the caterpillars 
from it evidently fed upon a neighboring barberry. 


DISEASES AND OTHER NATURAL ENEMIES 


During the latter part of the caterpillar season one can 
frequently find dead and dying caterpillars upon the outside of 
the tent, stretched at full length. Some of these will be simply 
sluggish, others evidently nearly dead, others dead and ruptur- 
ing at a touch, letting escape the liquid decomposed body con- 
tents. Some will be hanging by one end of the body to the 
tent or twig, as shown in Fig. 9. These caterpillars appear to 
be affected by one of the bacterial diseases that are known to 
develop in many insect larva when they become very abun- 
dant. The army worm and common cabbage worm are fre- 
quently destroyed in great numbers by such diseases. While 
there appeared to be more of these diseased larve this year 
than last in southern New,Hampshire, the disease was not suffi- 
ciently destructive to give great hope for the immediate sup- 
pression of the outbreak. The fact of each colony being 
somewhat isolated from others will tend to prevent the germs 
from affecting all the caterpillars of a region. 

After the tent caterpillars are half grown there may be found 
in many of the nests small dead specimens with the body swol- 
len and the skin dry and hard. (Fig. 
10). If these are placed in bottles by 
themselves, a fortnight or so later small 
four-winged flies will emerge from them. 
Fic. 1o—Parasitized Cater. These are parasitic ichneumon flies. 

piles -qoaginal) They have developed from eggs placed 
in the young caterpillars by ,similar parent flies. The eggs 
hatched into grubs or larve that developed on the inside of the 
caterpillars, killing them and absorbing all the bodies except 
the skin. Within the latter the larve pupated, to emerge later 
as flies. We reared many of these parasites, which were 
kindly determined by Mr. L. O. Howard as Pimpla inguisitor. 

Comparatively few birds feed upon hairy larve like the tent 
caterpillar, but some, like the cuckoos and blue jays, devour 
them eagerly. The European cuckoo is said to regurgitate the 
mass of hairy skins swallowed with the caterpillars, and prob- 
ably our species have the same habit. Many observers have 
noticed that both the Black-billed and the Yellow-billed Cuckoos 
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feed upon the tent caterpillars. For example, Mr. C. E. Bailey 
states :* ‘* On May 104 Black-billed Cuckoo came into a tree 
near me at 3 Pp. M., and sat there until 4:40 Pp. m., then he went 
straight to a tent caterpillar’s nest. He looked it over fora 
short time, and then commenced eating the caterpillars. He 
picked twenty-seven caterpillars out of the nest before he 
stopped. The bird ate them all and did not drop one.” 

Mr. E. H. Forbush gives* the following list of birds found 


Fic. 11.—Yellow-billed Cuckoo (After Brehm) 
feeding on tent caterpillars in a Massachusetts orchard in 1895 : 
Crow, Chickadee, Baltimore Oriole, Red-eyed Vireo, Yellow- 
billed Cuckoo, Black-billed Cuckoo, Chipping Sparrow, Yel- 
low Warbler. Other birds have also occasionally been reported 
to feed upon these pests, but birds do not do so much toward 
their destruction as they do toward the destruction of the can- 
ker-worm, the latter being a much more edible insect. 

My observations upon the natural checks upon the tent cater- 


* Mass. Crop Report, July, 1895, p. 29 
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pillar lead me to believe that it is not good policy to depend 
upon them for subduing the pests. It will.be much better for 
the intelligent people of each community to attempt to arouse 
public opinion so that each man will destroy the caterpillars 
upon his own premises and along the adjoining roadsides. 


METHODS OF DESTROYING TENT CATERPIL- 
LARS 


The tent caterpillar is open to attack in a variety of ways, 
and should by no means be allowed to injure orchards and dis- 
figure the roadsides as it has been doing recently. Beginning 
with the eggs the principal remedial measures may be summa- 
rized as follows: 

1. Destroying the Hggs.—During winter and early spring 
the egg masses may readily be seen upon the smaller branches, 
and are easily removed and burned. In this work boys may be 
employed to advantage ; their sharp eyes and nimble limbs are 
likely to accomplish as much as their elders. A few winters 
since a society in a Massachusetts town offered prizes to the 
youngsters of the community for the collection of the tent 
caterpillar egg-masses, and thousands were thus destroyed. 
The same result may to a large extent be accomplished by cut- 
ting off and burning the thickets of wild cherry that line the 
roadsides, and stand in clusters in pastures and fields. This 
should be done after the eggs are laid, and before they are 
hatched—any time between September 1st and April 1st would 
do. Ifina given community the eggs on these wild cherries 
were thus destroyed the next season’s crop of worms would be 
greatly lessened, and attention could be concentrated on the 
tents in theorchards. Such a burning of the wild cherry would 
also destroy millions of spores of black knot—the fungous dis- 
ease that is always threatening cultivated plums and cherries 
because of its almost universal presence on the wild cherries. 
The pest-breeding, neglected apple trees bearing natural fruit, 
so often seen along the roadside, should also be converted into 
firewood, and the branches burned during fall or winter. 

2. Killing the Young Caterpillars.—When the caterpillars 
are young and the nests are small, it is easy to destroy the 
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colony by swabbing it out of the crotch with a mass of rags, a 
gloved hand, a forked stick, a scrubbing brush, or almost any- 
thing that can be used to crush the tiny worms huddled beneath 
the tent. Ofcourse this destruction should take place when 
the caterpillars are at home rather than when they are abroad 
on the branches feeding. In rainy weather one can generally 
find them in the tent almost any time, while in fair weather 

. they may be attacked either early or late in the day. The 
colony can also be removed by taking hold of the outside of 
the tent with the hand and lifting it with the worms inside: 
then drop it to the ground and step on it. When the tent is on 
a small branch the latter may be cut off and then burned or 
crushed. ‘+A slender pole long enough to reach the highest 
nest in the tree,”’ writes Mr. A. S. Fuller, ‘* with two or three 
shingle nails driven through the end, leaving the heads sticking 
out a half inch, makes a very handy and efficient implement 
for dislodging the nest and caterpillars. By thrusting the end 
into the tent and then twisting it around two or three times the 
tent will be rolled about the end and can be drawn forth with 
contents,” and destroyed. 

There appears to be a considerable variation in the time of 
hatching of the different egg-masses, so that it is often necessary 
to go over the trees more than once 
to get all the nests. As a rule one 
should not be satisfied with a single 
attack upon the pests, but should 
renew the battle if necessary. 

3. Burning with Torches.—A 
rather common method of -destroy- 
ing tent caterpillars is to burn them 
out by means of some substance sat- 
urated with kerosene. An asbestos 
torch advertised by the seedsmen and 
implement dealers for this purpose is 
represented in Fig. 12. The asbes- 
tos is saturated with kerosene, light- 
ed and held under the tents for the 
cremation of the caterpillars. Rags 
tied to the end of a pole and satu- Fic. 12.—Asbestos Torch 
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rated with kerosene are also used, as well as various 
other devices. But burning is a remedy which is 
likely to cause more harm than good. It may not 
injure the tree much, but-one is always tempted to 
use it on the larger branches where the bark is 
very likely to be seriously damaged. I have seen 

a fine young apple tree killed by the use of a 

torch on its tent caterpillars, and have known 
many larger trees to be seriously injured in the 
same way. 

4. Spraying with the Arsenites.—On 
many accounts there is no more satisfactory 
method of subduing the tent caterpillar in 
the orchard than by spraying with Paris 
green or London purple mixed with water. 

Not only is this pretty certain to kill off all 
the young caterpillars on the trees, but it also 
destroys canker worms and also other leaf- 

eating caterpillars as well as the larvz of the 

Codling Moth or Apple Worm, discussed 

in Bulletin 35 of this Station. 

Fortunately spraying has been adopted 
by a great many commercial fruit-growers 
as an essential part of the season’s opera- 

tions, and the practice is growing in 

favor yearly. Four or five ounces of 
Paris green, with a pint or two of 

fresh lime water, are added to a bar- 

rel holding forty or fifty gallons of 

water, thoroughly mixed and sprayed 
upon the trees soon after the worms 
hatch, by means of a force 
pump and spray nozzle. A 
simple and effective spray- 
ing outfit; which has been 
used to good advantage in 
the experiments at this Sta- 
tion, is represented in Fig. 


Fig. 13 
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-13. It consists of a kerosene barrel holding fifty gallons, a 
force pump having a double discharge, with a short line of 
hose running into the barrel to keep the liquid stirred, and 
a long line of hose fitted at the end to a slender brass rod 
tipped with a spray nozzle. This outfit can be obtained 
through any hardware dealer, or direct from any of the nu- 
merous manufacturers of spraying machinery. 


Fic. 14.—Tent Caterpillar on Oak (Original) 
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Fic. 37 —Distribution of Forest Tent Caterpillar in New Hampshire, 1899. 


Circles, caterpillars present; circles with dot, rather destructive; circles with 
cross, very destructive. 


THE FOREST TENT CATERPILLAR 


BY CLARENCE M. WEED 


oe The outbreak of the Forest Tent 

: Caterpillar in New Hampshire in 
1899 was more widespread and seri- 
ous than during any previous year 
of which we have record. A very 
great amount of damage was done to 
maple sugar orchards, shade trees, 
and apple orchards, as well as to 
the general forest growth; and eggs 
were laid for a 1900 brood of worms, 
which, in many localities, at least, 
threatens to be equally destructive. 
The present bulletin is issued to 
furnish the people of the state with the latest available infor- 
mation regarding the pest, both as to its habits and life his- 
tory, and as to the means of combating it. In the bulletin I 
have embodied the results of the observations made last sea- 
son by myself and my assistant, Mr. W. F.. Fiske, as well as 
several valuable observations kindly communicated to me by 
Miss Caroline G. Soule, who studied the insect at Brandon, 
Vermont, and the notes of more than one hundred correspond- 
ents who kindly replied to a circular letter I sent out. A few 
of the paragraphs are reprinted without important change from 
Bulletin 64, issued a year ago. 


F1c.38.-Cocoon in Barberry Leaves. 


DISTRIBUTION IN 1899 


The localities in which these caterpillars were destructive 
last season are indicated in the map.on the inside front cover 
of this bulletin. The circles with a cross inside indicate places. 
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of very serious damage; those with a dot inside, less serious 
damage, and the simple circles, places where the insects were 
numerous enough to be noticed by our correspondents, but 
were not very destructive. It is likely that many of these 
latter places will have the insects in greater numbers this 
season. 

An interesting fact brought out by the preparation of this 
map is that the insects seem to follow rivers closely in their 
spread from one locality to another. The injury has been most 
severe along the Connecticut river, where the insects first 
appeared in destructive numbers about four years ago. 


THE LIFE HISTORY OF THE INSECT 


These Forest Tent Caterpillars pass the winter within the 
eggshell, the eggs being attached to the twigs in cylindrical 
rings, more or less covered with a grayish varnish. In spring, 
when the leaves of the trees begin to unfold, the young cater- 
pillars gnaw through the eggshells and come forth. They are 
then tiny creatures, 
scarcely one tenth of 
an inch long, show- 
ing under a lens that 
the blackish body is 
thickly covered with 
rather long brown- 
ish, or grayish, hairs. 
The tiny caterpillars 
feed upon the ten- 
der leaves of the 
‘twig near where the 
egg-mass was placed. 
In‘ about two weeks 
each increases in 
size to such extent 
that the skin in 
which it came from 
the egg is too small 


Fi. 39.—Cast skins of Forest Tent Caterpillars. for it. This skin 


. Fic. 40.—A mass of Caterpillars on the trunk of a crab-apple tree. 
(Photographed by Dr. F W. Russell.) 
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then splits open along the back, and the caterpillar crawls out, 
clad in a new skin that had gradually been forming beneath 
the old one. This skin-shedding process is called moulting: 
it is the general way in which insects provide for increase in 
size. Some of the cast skins are shown in Fig. 39. 

Wherever they go, these little larvae spin a silken thread 
which marks their pathway, although the thread is so slender 
that a single one is generally to be seen only through a lens, 
but in places where the larvae congregate to rest when not feed- 
ing, a habit that they have, it becomes quite noticeable. It is 
especially so after moulting, for then one can often find on the 
end of a forked twig such a miniature tent as is represented in 
the picture on the title page of this bulletin, the cast skins 
being intermingled with the silken threads. 

Soon after the first moult the caterpillars begin feeding 
again, eating, of course, 
more and more of the foli- 
age as they become larger. 
A week or so later they 
again moult, a process which 
is repeated twice, thereaf- 
ter, at similar intervals. At. 
the time of the later moults, 
the caterpillars are in the 
habit of congregating upon 
the trunks or larger limbs 
of the tree, often not far 
from the ground. Beneath 
the mass of larve there is 
an inconspicuous web, in 
which the feet are more or 
less entangled. The ap- 
pearance of the caterpillars 
at such times is well shown 

Fic. 41.—Cocoons in Apple Leaves. in the photograph repro- 
duced in Fig. 4o. At the 

end of about five weeks from the time of hatching from the 
egg, the Forest Tent Caterpillars become full grown in this, 
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their larval state.. 
They are now ready 
to enter upon the next 
stage of their exist- 
ence, that of the pupa, 
or chrysalis. This is 
a quiet stage, in which 
the insect takes no 
food, and is unable 
to move about, and 
it needs to protect 
itself from its various 
enemies. Conse- 
quently, each cater- 
pillar spins from cer- 
tain silk glands in 
the mouth a shroud 
of silken threads, sur- 


Fic. 42.—Cocoon in Currant Leaves. 


rounding itself by an oval cocoon composed of several layers 


of silk, the outer ones 


Fic, 43.—Cocoon on Fringe-tree. 


much looser than the inner, with 


the hairs of the 
caterpillar inter- 
mingled with 
the silk on the 
inside layers. 
When this co- 
coon is first 
spun it is white, 
but the caterpil- 
lar soon colors 
it yellow with 
an excretion 
from the body. 
The caterpillars 
generally prefer 
some sort of 
frame-work to 
build their co- 
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coons upon.. They commonly choose the leaves of trees for 
this purpose. Sometimes a single large leaf will be used, its 
edges being folded over, as in the case of the cocoons in 
apple and currant leaves, shown in Figs. 41, 42 and 48, 
while, at others, several smaller leaves may be deftly drawn 
together, as in the barberry leaf cocoon shown in Fig. 
38. Ifthe insect happens to. be in a pine tree it will utilize 
the pine needles for this purpose, and even such delicate 
structures as the panicles of the smoke bush or fringe tree 
may serve the purpose. (Fig. 43.) Where the caterpillars are 
numerous, the foliage of the trees is almost wholly webbed up 
when the cocoons are made, giving the trees a strange, bunchy 
appearance. Many of the caterpillars, however, leave the 
trees, and seek shelter in other situations, such as crevices in 
the rough bark, beneath boards .or stones upon the ground, 
in the crannies of a fence, along the clapboards or beneath 
the gables of buildings. 

Wherever the cocoon is spun the caterpillar inside of it soon 
changes’to a pupa or chrysalis—an oval brown object without 


Fic. 44.—Moths of Forest Tent Caterpillar; «, male; 4, female, Natural size. 


legs or wings, able to move only by a feeble wriggle of its body. 
In this condition it takes no food, but its tissues undergo such 
remarkable changes that about ten or twelve days after the 
cocoon is made, a buff-brown moth emerges from the chrysalis 
and makes its way through one end of the cocoon. This is 
the adult form of the Forest Tent Caterpillar. The male moths 
are slightly smaller than the females, as may be seen from 
Figs. 44a and 4, the first of which represents the male and the 
second the female, both natural size. 

The moths generally make their appearance the latter part 

4 
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of June. Soon afterwards the females deposit their eggs in 
masses of about two hundred, each upon the twigs. The 
moths, having completed the cycle of life, die soon after the 
eggs are laid. 

The eggs thus deposited early in July are to remain un- 
hatched until the following spring. The actual formation of 
the tiny caterpillars from the contents of the egg takes: place, 
however, within a few weeks after they are laid. The minute 
but fully-formed caterpillars may be found within the egg 
shells, by a careful examination, any time between September 
and the following April. The caterpillars remain during this 
long period quietly confined within their narrow houses, but 
when the warmth of the spring sunshine penetrates ‘their 
abodes, they eat off the tops of the egg shells, and come out 
ready to break their long fast upon the tender foliage of the 
opening buds. 

As a result of much patient. watching, Mr. Fiske was fortu- 
nate enough to observe one of the moths depositing her eggs. 
He has recorded his observations in his notes as follows: 


On the afternoon of June 27, three pairs of freshly-emerged Clisiocampa 
disstria moths were found in the breeding cages mating, and two of them 
placed, without separating, under a bell jar with some green twigs of apple. 
At8 p. m. one pair had separated, and the female was very active, buzzing 
around the interior of the bell jar. Fifteen minutes later she had taken 
notice of the apple twigs, and was more slowly crawling over them. By 
g o’clock she had selected a site for an egg ring, and had just begun its 
deposition. About a dozen eggs were laid at this time, in the form of a 
right triangle, one side forming what was to be one edge of the future egg 
ring. On what would correspond to the hypothenuse of this triangle she 
was now busy depositing more eggs, making each row longer and increas- 
ing consequently the width of the future band, still keeping the general 
form of the egg mass the same. The placing of the first egg in each row 
is accomplished with some difficulty, and is also a matter of some delicacy, 
for if it is not placed correctly, the whole band may suffer; but after this is 
done, the remainder are easily fixed in their proper positions, the abdomen, 
which is stretched nearly to its limit, so moving that each egg slips into the 
space between the end egg on the row under construction, and the corre- 
sponding egg in the row just completed. The eggs are laid at intervals of 
about half a minute, and after each is deposited there is a second’s 
pause, followed by a little pile of bubbles of creamy whiteness, which rise 
around it and help to form the tough, protecting winter coat. It is very 
difficult to get a good view of the operation at close hand, on account of 
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the position in which the wings of the moth are held, drooping and well 
covering the abdomen, and it cannot be stated with certainty whether the 
egg itself is deposited just before or just after the extrusion of the froth. 

The width of the band being decided upon, the rows are made of uniform 
length thereafter and the girdle begins to take form. In the case under 
observation, as the moth was undersized the band was a narrow one, and 
the number of eggs in each row was about seven. When the band was 
nearly completed, after about an hour’s work, the moth was disturbed, 
and for the remaining distance the rows were anything but regular. 
Whether as a result of this break or otherwise, there were a lot of eggs left 
over after the ends of the band were united, and these were deposited 
slowly and irregularly, with much preliminary feeling about on the lower 
edge of the band. This part of the operation required above an hour, or as 
long for the placing of a few dozen eggs as it did for the construction of 
the girdle proper. The whole time, from the first observation until the egg 
mass was finally left, was about two and a half hours. The moth did not 
long survive the completion of the ring, but within a few hours, before it 
had been a whole day in its perfected form, it died. 


A condition that has been repeatedly noticed during the 
last three years seems to indicate that in general the instinct 
of the moth teaches it to deposit eggs only on trees bearing 
leaves at the time the eggs are laid. When a maple orchard 
is defoliated one year, it is likely.to escape the next year, 
unless it is invaded by caterpillars hatched on the surrounding 
trees. The moths that develop on such a lot of defoliated 
trees apparently fly to the surrounding trees that still bear 
leaves before depositing their eggs. Of course this habit is 
of advantage to the insect, for the chances of a sufficient food 
supply for. the caterpillars are greatly increased by it. In 
some cases, however, the explanation is that the caterpillars 
completed the defoliation of the trees before they were full 
grown, and then migrated to new feeding grounds. 


THE POPULAR NAME OF THE INSECT 


There has been considerable discussion of late among ento- 
mologists as to the best popular name for this insect. As was 
said in my former bulletin, “its common name, Forest Tent 
Caterpillar, is not very satisfactory, because, first, the insects 
are as likely to be found in apple orchards as in forésts; and, 
second, they do not make tents in the complete sense that the 
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Fic. 45.—Caterpillars feeding upon Elm Leaves. 


nearly-related American Tent Caterpillar does.” Various sub- 
stitutes for this name have been recently proposed, none of 
which, however, seem to me sufficiently satisfactory to warrant 
a change. Mr. M. V. Slingerland of New York has proposed 
that the insect be called the Forest Tentless Caterpillar, but 
the objections to this are, first, that it is not absolutely a tent- 
less caterpillar, many of the caterpillars making in early life 
miniature tents, like the one shown on the title page of this 
bulletin; and, second, as Dr. L. O. Howard has pointed out, 
there are a great many other tentless caterpillars that’ feed 
upon forest trees. . 
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DESCRIPTION OF THE LIFE STAGES 


Egg. —tThe egg mass of this Forest Caterpillar is in the form 
of a belt encircling the smaller twigs of the various food-plants. 
Its general shape is represented in Fig. 46, the length of the 
belt varying from one fourth to one half of an inch; the diame- 
ter is usually one fourth of’an inch.. 
The belt terminates abruptly at each 
end, although it is not as a rule 
squared off. The outside of the belt 
consists of a glistening, varnish-like, 
brownish or lead-gray material, which 
covers the eggs. When the eggs are 
first laid, and for some months after- 
ward, this covering remains entire, 
but as the winter passes it becomes 
more and more broken, so that by 
spring it generally has a rather rag- 
ged appearance. By removing the 
covering the eggs will be found be- 
neath, resting side by side at right 
angles to the supporting twig. Each egg is a trifle longer than 
wide, and is covered with a reticulated network of the same 
varnish-like material that conceals the mass as a whole; this 
network serves to attach the eggs to the twig and to each other. 
The eggs are of a dull gray color, showing white in some places. 
When the caterpillars hatch they gnaw off a circular cap on 
the upper end of the egg, and come out through the hole 
thus made. Each egg is about one twentieth of an inch long. 
The number of eggs in one belt varies from less than 150 to 
more than 225, the average being nearly 200. When the in- 
sects are so abundant that there is a partial exhaustion of the 
food supply of the caterpillars, the’ normal number of eggs are 
not laid, the egg rings being much smaller than usual. 

Larva.—The full-grown Forest Caterpillar is about two inches 
long and about one fourth of an ‘inch thick. In shape it is 
cylindrical, with six jointed legs arranged in pairs directly 
back of the head, eight thick prolegs along the middle, and 


Fic. 46.—Egg Masses. 


DESCRIPTION OF THE LIFE STAGES TIg 


two prolegs at the head end of the body. The head is dark 
bluish, and the body in general has a bluish appearance, more 
or less modified by the longitudinal series of marks and stripes. 
Along the middle of the back there is a series of whitish or 
cream-colored marks of the shape shown in Fig. 47 a. Along 


Fic. 47.—Forest Tent Caterpillar ; 2, markings on one ring of the back; 4, markings 
on one ring of the side. 


the upper part of each side there is a broad blue stripe, bordered 
above and below by a narrow, irregular, yellowish-white line. 
On the lower surface the color is bluish black. The whole 
body is sparsely clothed with rather short hairs. 
Cocoon.—When the cocoon is not made within a leaf. the loose 
outer silk varies greatly in the area occupied. An average 
size would be about one.and three-fourths inch long by one 
inch wide. The inner firmer part of the cocoon is generally a 
little less than one and one-fourth inch long by one-half inch 
wide. The inner cocoon is. colored yellow by the material 
voided by the caterpillars just before pupation, but the outer 
fluffy silk is generally white, because it is not reached by the 
yellow liquid. As already stated in a previous paragraph, 
when the cocoon is made within a leaf its outer appearance 
varies greatly, according to the material employed. 
Pupa.—The pupa is the dull brown, mummy-like object to 
be found within the cocoon. It has neither legs nor wings, 
and is unable to move otherwise than by a wriggling motion 
of its body. The pupa that is to develop into a female moth 
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is larger than that of the male. The sizes are approximately 
as follows: Male, length three-fourth inch, width five-sixteenth 
inch; female, length nine-tenth inch, width three-eighth inch. 
The. pupa is commonly more or less covered with the light, 
yellow powder which gives the cocoon its yellow color. 

- Moth.—The male moth (Fig. 44 2) is considerably smaller than 
the female (Fig. 444). The former has a wing expanse of one 
and one-fourth inches, while the latter expands one and one- 
half inches. Both are light buff-brown, the color of the male 
being considerably deeper than that of the female. Along the 
middle of the front wings there is an oblique darker band, as 
shown in the figures. ‘he feelers or antennz of both sexes 
are feathery, but those of the male’. are much broader as well 
as somewhat longer. 


BIRD ENEMIES OF THE CATERPILLARS 


In Bulletin 64 mention was made of many sorts of birds 
that feed upon these insects. During last season these feath- 
ered allies continued their good work. Under date of June 26, 
Miss Soule wrote from Brandon, Vt.: ‘‘I am almost sure that 
the caterpillar has drawn the birds here, for in four summers 
I have never seen nearly so many as this year, though I 
have been observing birds for years. Too much cannot be 
said for the birds. The orioles and the redwinged blackbirds 
especially are stripping the trees of pupe. Yesterday I saw 
orioles at work on a beech and an oak that had been badly 
eaten at the top, and I pulled down some of the branches and 
examined each of the many cocoons. Every one had the neat 
slit these birds make, and every pupa was gone. The baby 
orioles all learn to do this as soon as they can fly from one 
twig to another.” A little later cedar birds were seen flocking 
to the trees, opening cocoons and devouring the pupe. On 
July 8, Miss Soule wrote: “The number of birds is really 
amazing, and the thorough work they do is delightful.” Re- 
garding the birds that eat the moths, the same keen observer, 
in an admirable article in the Springteld Republican, said: 
“Many cocoons gave the moths in July, and these little brown 
moths could be seen in great numbers flying about the maple, 
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elm, apple, pear, ash, and other trees, laying their eggs near 
the tips of the twigs,—flying by daylight. Then the birds had 
another feast. Vireos of four kinds, fly-catchers of three kinds, 
both cuckoos, robins, rose-breasted grosbeaks, tanagers, cedar- 
birds, cat-birds, orioles, redwinged blackbirds, martins, and 
sparrows fed on the moths as they had done on the pupae and 
larve. Chipping sparrows became expert ‘lofty tumblers’ in 
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Fic. 48.—Apple Leaves, partially eaten ; one showing cocoon. 


their zigzag pursuit of the flying moths, and even the English 
sparrows had a brief season of usefulness, for they really ate 
some of these moths, though they would not touch either pupz 
or larvae.” : 

The Baltimore orioles were among the most efficient ene- 
mies of the caterpillars, destroying them in great numbers for 
their own food as well as to feed their young. These orioles 
are exceedingly useful birds, as they generally feed freely upon 
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Fic. 49.—Baltimore Oriole attacking nest of American ‘Tent Caterpillar. 


hairy caterpillars, being among the most destructive enemies 
of the common American Tent Caterpillar. (Fig. 49.) They 
should be encouraged to nest and remain about the farm and 
garden. 

INSECT PARASITES 


The most numerous parasites of these caterpillars were the 
small two-winged flies called Tachina flies. At least three 
species * of these friendly insects were destroying the hosts of 
caterpillars. One of these flies is represented somewhat mag- 

1 The three species were kindly determined by the Entomological Division of the 


U.S, Department. of Agricultureas Tuchina mella Walk., Exorista futilis O.S., 
Frontina frenchii Will, 
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nified in Fig. 50@. It looks much like a common house-fly, 
and is of about the same size. This fly deposits a whitish egg 
upon the skin of the caterpillar, generally after it is more*than 
half-grown. The egg soon develops into a tiny grub that bur- 
rows through the egg-shell 
and the skin of the cater- 
pillar into the inside of the 
body. There it remains, 
absorbing the tissues of its 
host, and gradually increas- 
ing insize. In due time it Fic. 50.—Tachinid Parasite of Forest Tent 
 heaeiwes fully developed “ Caterpillar : «, fly; 4, puparium. 

this grub state, and breaks through the skin of the caterpillar. 
It is then a good-sized, white, oval, footless grub. The cater- 
pillar has generally spun its cocoon before the parasite comes 
from its body, so that the parasite finds itself inside the cocoon 
when it gets outside the caterpillar. The grubs of two species 
of these Tachinid parasites work their way through the cocoon 
and drop to the ground, while the other seems to remain in the 
cocoon. 

The parasitic larve have now to enter upon the quiet pupa 
stage. For this purpose the outer skin turns brown, and 
becomes hard, forming a protective covering for the insect 
inside. This is called the puparium (Fig. 50 4). Within this 
covering the insect changes to a pupa, to change again about 
two weeks later into an adult fly. 

These parasites were very abundant last season, and are, 
doubtless, one of the most efficient checks upon the caterpil- 
lars. In some localities they seem to have nearly brought the 
outbreak to an end, and it is probable that they will do still 
more good this year. A correspondent at Campton, N. H., 
writes that in June great numbers of strange flies were seen in 
the woods and pastures. They were probably these tachinids. 

The Ichneumon flies of the genus Pimpla‘also did good ser- 
vice in destroying the caterpillars. The adult is a four-winged 
fly that deposits eggs in the caterpillars or newly-formed chrysa- 


\Pimpla conguisitor was the most abundant species; a few P. fedalis were also 
reared. 


124 THE FOREST TENT CATERPILLAR 


lis after the cocoons are spun. The method of egg-laying is 
shown in Fig. 51. The eggs hatch into minute grubs that 
develop at.the expense of the 
chyrsalis, finally eating up near- 
ly all their substance. About 
two weeks from the time the 
eggs are laid the parasitic lar- 
ve change to pup, and very 
soon afterwards again change 
to adults. 

Two other small parasites 
of the Chalcid family were 
also reared, although they 
were not at all abundant. One 
of these was the species called 
by entomologists Diglochia 
omnivorus, while the other has 
not been determined. We 
have also reared one species of parasite from the eggs of the 
Forest Tent Caterpillars. 


Fic. 51.—Ichneumon fly depositing an 
egg within cocoon. (Slightly magnified.) 


BACTERIAL DISEASES 


* 


Itis a well-known fact that seasons of dry weather are favora- 

ble to the development of insects injurious to plant life. This 
is especially true of caterpillars, and so the extraordinary dry- 
ness of the spring and summer of 1899 was very favorable to 
the increase of the Forest Tent Caterpillars. Their various 
bird and insect enemies did good service in destroying them, 
but the bacterial diseases that are likely to affect such insects 
during wet seasons did them little harm. The recent outbreak 
of the common American Tent Caterpillar was brought to an 
-end two years ago chiefly through the agency of such a dis- 
ease, the wet weather being favorable to it. 

These bacterial.and fungus diseases have been present, to 
a limited extent, among these caterpillars, both last year and 
the year before. Should next June be a very wet month, 
these diseases would probably do much to check the outbreak. 
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USELESS REMEDIAL MEASURES 


As is always the case when a little-known insect becomes 
destructively abundant, a great many useless remedies for 
these caterpillars have been proposed. One of the most fool- 
ish of these is the insertion of sulphur in the trees in holes 
bored by an auger—a time honored fake that has, at various 
times, been proposed for all the ills that trees are heir to. 
Kerosene has also been applied to bands around the trees, 
greatly to the injury of the latter, as the kerosene soaks into 
the sapwood and kills the tree. The authorities of one Ver- 
mont town ‘“‘sprayed many trees with a mixture of kerosene, 
Paris green, and soapsuds, which burned the leaves very. badly 
and seemed to injure the trees.” Such measures are usually 
the result of ignorance. 


SUCCESSFUL REMEDIAL MEASURES 


In Bulletin 64 I printed a summary of the remedial meas- 
ures, which, after a careful study of the insect, seemed likely 
to be useful. As I then wrote, the practical value of most of 
these measures depends largely upon the conditions under 
which they are to be applied. A suggestion that is easily 
applicable to a few. small trees in an apple orchard may be 
wholly inapplicable to the larger trees in a woodland. The 
abundance of the caterpillars, the nature and number of the 
trees infested, the season of the year, and the means at hand 
are all to be taken into consideration. 

In the paragraphs below I have revised these directions by 
incorporating the knowledge which the past season’s experi- 
ence with the pest has given, from our own observations as 
well as from those of the various correspondents who replied 
to the circulars sent out. 

Egg destruction—There seems to me no reason for modify- 
ing the statements made under this heading in Bulletin 64, 
except to emphasize the fact that this method is not at all 
practical in cases of serious infestation. On a bright day, 
when the trees are bare of leaves, egg-masses may be easily 
seen, The cutting off and burning of these masses is often 
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practicable in a young apple-orchard, although it is generally 
considered impracticable in orchards of large trees. It gener- 
ally would be out of the question in woodlands, of course, 
although in case of a few ornamental maples or other trees on 
the home grounds such egg-collecting might well be worth 
while. The gathering may be done by sending a sharp-eyed 
boy into the trees to cut or rub off the glistening masses, or by 
means of a pruning hook ora pair of long-handled pruning 
shears. The belts of eggs should be burned after they are 
gathered. When the insects are abundant these egg masses 
are so thick that to cut them off one must cut off nearly all 
the twigs—a ruinous proceeding. In such cases it is better 
to spray with arsenate of lead. 

Killing the young caterpillars——On small trees, where the 
caterpillars are easily reached, something may be accomplished 
by swabbing the colonies of young larve when at rest by 
means of a bunch of cotton waste, old rags, or something simi- 
lar. In rainy weather one is more likely to find the larve 
massed together during the day than in bright weather. 

Use of water.—One of the easiest ways of knogking the 
caterpillars off the trees is by the use of a forcible stream of 
water from a hydrant or good force pump. In Hanover the 
town authorities used streams from the hydrants with an eleven- 
sixteenth-inch nozzle from the fire service to good effect in 
- clearing the caterpillars from the magnificent elms of that 
beautiful village, and the same method has been successfully 
used in various other places. Of course the caterpillars that 
fall to the ground are to be destroyed, or at least prevented 
from again ascending the trees. The Hanover authorities 
washed the trees from two to four times. The trees were 
banded, so that those caterpillars which were not crushed on 
the ground immediately after falling were prevented from 
ascending the trees, and destroyed when they congregated on 
the bark below the bands. It would be well worth while to 
try this washing method in early spring, just after the cater- 
pillars hatch and before the leaves expand. a 

Spraying with poisons.—The season’s experience has 
shown that spraying with arsenical poisons is a practical and 
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effective remedy against these caterpillars, especially in apple 
orchards and on comparatively small shade trees. On larger 
trees itis simply a question of reaching the foliage with the 
spray. The chief drawback in the use of Paris green—the 
commonest of these insecticides—is the danger of scorching 
the foliage. In’this respect the arsenate of lead is much safer, 
as it does not injure the foliage at all. When Bulletin 64 was 
published this substance was not upon the market, and conse- 
quently had to be prepared by the user. It is now obtainable, 
however, from Wm. H. Swift & Co., 75 Broad street, Boston, 
Mass., who manufacture it in quantity, and offer it for sale 
in wooden packages at from fifteen to eighteen cents per 
pound. It is also for sale by the Bowker Chemical Com- 
pany, 43 Chatham St., Boston, Mass. This is cheaper than 
Paris green at the prices the latter has recently sold for. 
The arsenate of lead is said to remain on the tree longer than 
Paris green. It is a white powder and a deadly poison, so 
that great care should be taken not to leave it around where 
it might be mistaken for something else, or where it might be 
reached by children or stock. Spraying with arsenical mix- 
tures is most effective when it is done before the caterpillars 
are one-fourth grown. It should certainly be done before they 
are half grown. Later than this it is comparatively ineffec- 
tive. 

Banding to prevent invasion—In case of an uninfested 
apple orchard in the vicinity of an infested woodland, it will 
be advisable to band the apple trees with cotton or raupenleim 
before the caterpillars are half grown, to prevent invasion 
from them. The same advice would hold in the case of other 
uninfested trees in the vicinity of those infested. 

Banding the tree-trunks.—The remedial measure that has 
been most generally employed is that of banding the trees 
with some substance to prevent the ascent of the caterpillars. 
It has already been pointed out that a large proportion of the 
caterpillars drop off the trees from one cause or another, and 
have in consequence to ascend the same or neighboring trees 
in order to reach the leaves. The placing of some substance 
around the trunk to prevent the upward progress of the insects 
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causes them to congregate below the band, where they are 
easily reached and destroyed. The commonest material em-. 
ployed for this purpose seems to have been ordinary cotton 
batting, tied around the trunk of the tree. This is cheap, and 
answers the purpose very well. Various mechanical barriers 
have also been employed with more or less success, such as 
bands of hemp, tin, and tarred paper. In some cases corre- 
spondents reported that tar or kerosene was poured upon the 
cotton. The use of kerosene in this way is not to be com- 
mended, because of the danger that it may kill young and 
thin-barked trees by being absorbed through the outer bark 
to the sapwood beneath. 

Another sort of these barriers is found in the various viscid: 
substances with which the trees have been banded. These prevent 
the progress of the caterpillars either by killing them through 
contact as they attempt to cross, or by smearing their legs in 
such a way that they turn around as.soon as they come upon 
it. The materials of this sort that have been used most are 
lard, cottolene, sticky fly-paper, printers’ ink, tar, and ‘rau- 
penleim,” or caterpillar lime. In many places rancid lard or 
cottolene was used in considerable quantities, being smeared 
around the trunk of the tree in a band about six to ten inches. 
wide. While this substance does not penetrate through the 
outer bark of large elm trees, it should be understood that 
there is danger in its use upon young, smooth-barked trees, on 
account of the probability that the oil will penetrate to the 
sapwood. Printers’ ink seems to answer very well, as does 
the sticky fly-paper until it is injured by rains. The raupen- 
leim, or German caterpillar lime, recommended in my first 
bulletin on this insect, has been tried in several localities, and 
has. given very satisfactory results. A material similar to- 
raupenleim is now offered by the Bowker Chemical Company, 
Boston, Mass., under the name “Bodlime.” It should be re- 
moved from the tree after danger from insects is past. 

On the whole, cotton seems to be the most advisable material 
to use for banding the trees. It is not expensive ; every one can 
get it; it can be applied to all sorts. and sizes of trees with 
little trouble, and with no danger to the tree. In case the: 
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caterpillars are very abundant, two bands might be used, one 
-a foot or two above the other. It is simply to be tied around 
the trunk of the tree with a stout string. If frequent rains 
render the outside compact and useless, it can easily be taken 
off and reversed, or a little new cotton added to it. 

Killing the caterpillars.—Of course the caterpillars that con- 
gregate below the bands are to be destroyed. The simplest 
way to do this is by the use of a stiff broom. This or some 
similar method is also to be used whenever the caterpillars 
appear upon the tree trunk in sufficient numbers. 

After the caterpillars are half grown, they commonly come 
down to the lower branches or the trunk to undergo the 
moulting process. To this end they gather in great masses 
‘on the bark, where they may be destroyed as suggested, or by 
collecting the caterpillars in pails containing a little kerosene 
and water. Vast numbers of the caterpillars have been de- 
stroyed in these ways in New Hampshire during the last two 
years. . 

Yarring and banding.—It has already been stated that these 
caterpillars drop downward when disturbed, breaking the fall 
by means of a thread spun from the mouth; although when 
young and suddenly jarred apparently the thread may not be 
used. This habit leads to the suggestion that by a combina- 
tion of jarring and banding much injury may be prevented, at 
least in the apple orchard and on the home grounds, and 
especially on small trees. After the trees infested have been 
banded, a boy with a padded mallet may be sent into them 
with instructions to jar the limbs on which the caterpillars are 
working, beginning at the top. This should be done when 
the caterpillars are feeding upon the leaves, as they are then 
much more easily disturbed than when they are at rest. Of 
course it is not to be expected that going over once will wholly 
vid the tree, but by two or three repetitions of the jarring most 
of the caterpillars should be removed. A sheet of cloth may 
be spread beneath the tree to catch the caterpillars as they 
fall, or a light roller might be run over the ground to crush 
them. Those which escape destruction will congregate in 
masses upon the trunk, below the bands, where they may be 
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destroyed by use of a stiff broom or by various other methods. 
The earlier this is done after the larve are all hatched the less 
will be the injury to the foliage. 

The masses of caterpillars below the bands are sometimes 
killed by pouring on kerosene. If this method is employed, 
great care should be taken not to add enough to saturate the 
bark. Many trees have been killed by carelessness in such 
use of kerosene. 

Collecting cocoons.—A large proportion of the cocoons are 
commonly spun where they can be reached. The destruction 
of these will lessen the number of moths that lay eggs for the 
next season’s brood of caterpillars, although it will also lead 
to the destruction of large numbers of parasites. 

This. collecting of the cocoons has been done extensively in ~ 
certain towns. In Hanover and Claremont the selectmen 
offered a reward of five cents per hundred cocoons, and in 
the former town 80,000 cocoons were collected and destroyed. 
The poster gotten out by the Claremont authorities is repro- 
duced on the opposite page. 

The chief objection to this method is that it leads to the 
destruction of large numbers of parasites. The proportion of 
parasites to moths is likely to vary considerably in different 
localities. Our observations indicate that at Claremont, last 
season (1899), about 30. per cent. of the pupa were para-— 
sitized, while at Brandon, Vt., more: than 40 per cent. were 
parasitized. Now these parasites are Nature’s means of 
checking the outbreaks of this Forest Caterpillar, and it seems 
unfortunate that in destroying our foes we should also destroy 
our friends. It must be borne in mind, however, that any 
parasite found in these cocoons will not take effect upon next 
year’s brood of caterpillars until they have completed their 
growth and done the damage, so that as regards the next sea- 
son alone it is better to destroy the pupz, even if some of the 
parasites are destroyed at the same time. 

A simple method, however, may be adopted by which the 
moths may be destroyed and most of the parasites saved to 
continue their good work. It was first suggested to me by 
Mr. Fiske. Select a piece of shaded grassland, which is not 
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The Selectmen of Claremont will pay 
Five Cents a Quart for this year’s -Co- 
coons of the Forest Tent Caterpillar, 
gathered in Claremont, during the next 
ten days. 

Coceons must be delivered at the 
Selectmen’s Room, Town Hall, between 
the hours of 5 and 6 in the afternoon 
of any week day during said time 
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There is the utmost need that the public should 
awake to the danger that threatens the trees from 
this pest. The destruction of woodland and of shade 
trees seems imminent unless some way of killing the 
caterpillars is devised.. At the present time this year’s 
caterpillars are beginning to go into cocoons. They 
remain in this state about ten days. when a moth is 
hatched from the cocoon. This moth lays from 200 
to 300 eggs. each of which becomes a caterpillar to 
ravage the trees next summer. 

Let all good citizens understand that each cocoon is 
a source of very great injury: and that every cocoon 
destroyed will aid in the preservation of trees which 
cannot’be spared. 

Let young and old join in the work of gathering co- 
coons. Itis for the direct benefit of the town that 
this should be done. 


A. C. STONE, Selectmen 

C. A. FISHER, of 

W. T. FREEMAN, } Claremont. 
Claremont, N.H., June 20, 1899. 


Facsimile of hand-bill offering bounty for cocoons. 
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much tramped upon by ,people or animals, scatter over this. 
the cocoons as they are collected, not making the layer more 
than an inch deep; leave the cocoons in this position until 
the moths begin to emerge; then rake the cocoons up and. 
burn them. During the week or ten days that the cocoons. 
remain here most of the parasites will have left them and 
found shelter in the turf, where they will complete their devel-. 
opment. By keeping two or three hundred cocoons in a box. 
under observation, the time when the first moths come out can 
be readily determined. = 
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DIVISION OF ENTOMOLOGY. 


THE IMPORTED ELM LEAF-BEETLE. 


Galerucella luteola Mull, (Galeruct xanthomelena Schrank.) 


Ta. 1.—Galerucella luteola: a, eggs; b, larve; ¢, adult. e, eggs (enlarged); f, sculpture of egg; 
g, larva (enlarged); h, side view of greatly enlarged segment of larva; t, dorsal view of 
same; j, pupa (enlarged); k, adult (enlarged); J, portion of elytron of beetle (greatly 
enlarged). From Riley, in Ann. Rept. Dept. Agr. for 1883. 


GENERAL APPEARANCE AND METHOD OF WORK. 


The chief insect enemy of the elm is the imported elm leaf-beetle, the larve and 
adults of which frequently so disfigure the trees as to make them useless for shade 
and hideous rather than ornamental. The beetle—a small, yellowish-brown insect— 
appears first and fills the leaves with small irregular holes, while the following 
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broods of slug-like yellow and black larvw® skeletonize the leaves in irregular spots 
between the veins, working on both surfaces, but chietly on the lower side, causing 
the leaves to assume a dry brown appearance, to curl, and ultimately to fall. The 
second crop of leaves sent out by the trees in the southern range of the insect meets 


a like fate. 
DISTRIBUTION. 


The elm leaf-beetle is a well-known depredator in the Old World, particularly in 
south Germany, Austria, and France. It was imported into this country, on the 
authority of Glover, in 1837, and its earliest attacks were particularly severe about 
Baltimore and in New Jersey. Its spread in this country has been comparatively 
slow, and, while wherever it has appeared it has established itself very firmly and 
now frequently occurs in enormous numbers, it is limited in its range, so far as 
the records go, to the middle Atlantic seaboard, including the District of Columbia, 
Maryland from Washington eastward, Virginia in the immediate vicinity of Wash- 
ton, Delaware, southeastern Pennsylvania, New Jersey, Long Island, the Hudson 
River valley, and southern Connecticut. On the authority of Prof. C. H. Fernald 
itis not known to occur in Massachusetts, and Prof. Gerald McCarthy reports the 
same for North Carolina. This range, as pointed out by Mr. Howard, practically 
conforms to the northern limit of the upper austral life zone, outside of which the 
insect has not established itself as yet, so far as can be learned. 


NATURAL HISTORY AND HABITS. 


Characteristics of Different Stages.—The insect occurs on the trees in three different 
stages, and the fourth stage is passed on or under the surface of the ground at the 
base of the tree; i. e., the egg, larva, and beetle on the tree, the pupa in the ground. 

The beetle is a little over a quarter of an inch long, of a general yellowish or yel- 
lowish-brown color, with three somewhat indistinct brownish-black stripes on the 
wings. It is shown natural size at c, and enlarged at i, in the figure. 

The eggs are placed on the lower sides of the leaves in vertical clusters of from 
5 to 20 or more eggs, closely arranged in two or three irregular rows. They are 
oblong-oval in shape, tapering to a rather obtuse point, orange yellow in color, and 
the exterior surface is covered with beautiful hexagonal reticulations. They are 
shown natural size on the leaf at a, aud enlarged at e, with the reticulated surface 
still more enlarged at f. 

The larva is elongate, reaching a length of about half an inch, and when newly- 
hatched is nearly black. As it increases in size it becomes, with each shedding of 
the skin. more distinctly marked with yellow, and when mature the yellow pre- 
dominates, occurring as a broad dorsal stripe, and two lateral stripes. The larva is 
represented natural size on the leaves, and somewhat enlarged at g, with portions 
still more enlarged at h and i in the figure. 

The pupa is uniformly light orange yellow, oval in shape, strongly convex dor- 
sally, and a little over a quarter of an inch in length. It is shown in the illustra- 
tion at j, enlarged. 

The egg state lasts about a week, and the larva normally fifteen to twenty days, 
and the pupa six to ten days. 

Number of Broods and Dates of Appearance.—In the more southern range of this 
insect, including Maryland, Virginia, Delaware, and most of New J ersey, there are 
two annual broods, with an occasional small third generation, Further north, 
including northern New Jersey, Long Island, New York State, and Connecticut, 
there is iu general but one well marked brood, with sometimes a supplemental or 
partial second brood. 

Throughout the double-brooded area the beetles make their appearance in spring 
about the middle of April, beginning to come out before the elms have put out their 
leaves and continuing on the trees through Mav. nerishing soon after eoo-lavine is 
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finished. The eggs of the first brood are deposited during May and into June, the 
larvee of this brood occurring from early in May throughout June. Pupation takes 
place during June and July, and beetles of the second or summér brood emerge 
during July and into August. The eggs for the second brood of lurve are deposited 
by these beetles from the middle of July through August,and the larve of the 
second brood skeletonize the second growth of elm leaves during the latter part of 
July and August, the later specimens occurring up to October. Pupation occurs 
chiefly durmg August and September, the beetles appearing from the last of August 
through September, and entering winter quarters during September and October. 

In the one-brooded regions the beetles do not appear in spring until the last of 
May, and in general the periods are fully a month later for the different stages than 
for the southern districts, the beetles of the summer brood transforming most abun- 
dantly about the firstof August. After feeding on the leaves a little while, and doing 
very inconsiderable damage, they go into winter quarters during August and Sep- 
tember, remaining dormant eight or nine months. 

Habits of Larve and Hibernation of Adults—The larve from each batch of eggs 
feed together somewhat gregariously for a time, but ordinarily become separated 
and scattered later, especially with a scantiness of food. When full grown they 
normally crawl down the branches to the trunk and then to the ground, pupating 
almost immediately on or very near the surface of the soil just about the base of 
the tree. They are apt to seek partial protection about grass bunches, but fre- 
quently accumalate in masses, exposed on the surface 1n such a manner as to make a 
striking yellow carpet about the tree from a few inches to a foot or more wide. 
With very large elms, however, many of the larvex are shaken off by winds or fall 
directly to the ground, sometimes fairly covering the surface over a diameter equal 
to the limb-expanse of the tree. 

Hibernation is in the adult state both where there is but one brood and where 
there aretwo. For this purpose the beetles frequently enter houses and barns or 
outbuildings, sometimes assembling in such numbers that it is possible to collect 
them by the quart. They also enter cracks in posts, telegraph poles, fences, etc., or 
wherever they can secure partial protection from winter storms. 

Susceptibility of Different Elms.—European elms seem to be especial favorites witb 
this msect, and this would naturally be expected from its European origin. Its 
preterence for the European elms is especially noticeable where these are grown in 
conjunction with American elms, the former being frequently entirely denuded, 
while the latter remain practically uninjured. In general the coarser-leaved sorts 
of elms are distasteful to the beetles, and the smooth, thin-leaved varieties are 
especially subject to attack. The American species, CImus americana, is notably 
exempt, and this, together with the general immunity of other American species, is 
a strong argument in favor of restricting planting to our native sorts. All species 
of elms, however, are attacked more or less, and in the absence of sufficient foliage 
of the favorite varieties, the injury to less palatable sorts becomes almost equally 
marked. 

REMEDIES. 


In nearly every stage of the life-history of this insect it is easily subject to treat- 
ment. The best means against the adults and larve consist in the use of arsenical 
Poisons in the form of sprays on the foliage. The adults, for a week or two after 
emerging, feed on the newly-expanded foliage, and a spraying with Paris green or 
other arsenical will destroy the great majority of them. Especial pains should be 
taken to accomplish the destruction of the insect in this stage, in order to prevent 
the partial disfigurement which will result if the matter be delayed until the larve 
begin to appear. “If rains interfere with spraying for the adults, or if 1t be neglected, 
the trees should be sprayed with arsenicals promptly on the first appearance of the 
lurve, and the application perhaps renewed a week or ten days later, especially if 
Tains have intervened. 
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Paris green is the best arsenical, and may be safely used on elms at the rate of one 
pound to 100 to 150 gallons of water. If London purple be used, an amount of lime 
equal to the poison in weight should be added to combine with any free arsenic and 
prevent scalding of foliage. The liquid should be applied with a strong force pump 
with a long hose and a nozzle, such as the Vermorel or Nixon, which will make a fine 
mist-like spray. In spraying for the larve it is very essential to thoroughly wet 
the lower side of the leaves, on which they principally feed. In the case of the 
adults, this is not so necessary, because they eat the entire substance of the leaf, 
and will get the poison from either side. 

On elms fifteen or twenty feet in height, the treatment can be made from the 
ground or from a wagon. For larger elms, it will be necessary to climb up into the 
tree, using a hose 50 to 100 feet long, and directing the spray by this means into the 
upper branches. By removing the spray tip from a large size Nixon nozzle, 80 as to 
get a direct discharge, the upper branches of comparatively tall trees may be 
reached and sprayed in a more or less satisfactory manner. In the case of very 
large elms in city parks or streets, the use of stronger apparatus may be advisable, 
such as a fire engine or steam pump and a larger nozzle, such as a graduating spray 
tip, capable of throwing either a direct stream or a spray. During spraying the 
poison should be constantly stirred to prevent it from settling to the bottom of the 
tank. 

The first effort should be to destroy the beetles and larve at their earliest appear- 
ance, to save the trees for the current year. Sometimes, however, larva in the tops 
of tall trees will escape, and, whenever from inefficient spraying or neglect they 
are allowed to reach maturity, a strong effort should be made to destroy the insect 
when it reaches the ground to transform, and thus limit or prevent damage from 
the second brood or on the following year. The collection of the larve for pupa- 
tion, frequently in enormous numbers immediately about the base of the tree, 
makes it comparatively easy to destroy them in this situation. This may be accom- 
plished eithér by wetting them with boiling water or with kerosene emulsion, diluted 
about four times. Frequently they may be collected by hand or shoveled up, and 
burned or otherwise destroyed. 

Remedial treatment is much simpler in the northern areas of the range of this 
insect, where it is single-brooded, and becomes more difficult in the southern dis- 
tricts, where the number of broods is doubled, and the appearance of the insect 
becomes somewhat irregular, continuing practically throughout the summer. 

C. L. Maruatt, 


First Assistant Ent logist. 
ieereet, ntomologis 


Cuas. W. DaBney, Jr., 
Assistant Secretary. 
WaSsHINGTON, D.C., May 28, 1896. 
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THE EUROPEAN ELM SCALE 
(Gossyparia spuria, Modeer) 


By Samurt B. Doren 


In the study of many insect problems there are three related sides 
of the matter to be taken into consideration; the nature of the pest, 
the nature of the infested plant, and human nature, which third fac- 
tor is the most difficult of the three. 

When the San Jose Scale first appeared in western Nevada, apple 
trees were much used in the principal towns as shade-trees in door- 
yards; they were hardy and ornamental trees and in favorable years 
were profitable as well. With the advent of the Pernicious Scale they 
became diseased and unsightly, many were ruined, while others only 
slightly infested were cut down because it had become necessary to 
have them sprayed every year or two. Now the reason for this whole- 
sale destruction of apple trees lay not so much in the nature of the 
pest or the nature of the tree as in human nature. Before the Pernic- 
ious Scale was introduced, the apple tree within the city limits was 
looked upon as an ornamental tree which often proved a source of no 
small profit; after the Scale became established, these trees became 
much less ornamental, less profitable, and a source of yearly annoyance 
and expense during the spraying season. The Horticultural Law in Ne- 
vada makes spraying compulsory, the labor supply was short and 
its price high; spraying was expensive and none too efficient. The 
situation was such that many householders came to regard their apple 
trees as sources of more annoyance than profit and so had them cut 
down. 

At the present time the European Elm Scale presents a somewhat 
similar problem. For several years it has been injuriously abundant 
in the neighborhood of Carson City, in more recent years it has ap- 
peared in Reno where most of the residence streets are lined with 
young elms. Some of these have been killed outright, while hundreds 
of others have been greatly injured. Up to the present time the elms 
have been our most highly-valued shade trees, in this new country they 
are of necessity still young and very susceptible to the attacks of the 
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Elm Scale which threatens their serious injury. This is an insect 
problem which demands a prompt and practical solution. 

The purpose of the present bulletin is to state this problem fully 
and to suggest means for its solution. We have chosen pictures as the 
yeadiest means of stating the nature of the pest and its relation to the 
tree in a way which the average man can understand. We chose 
spraying with lime-sulphur in the winter as the most promising means 
of destroying the half-grown insects; a careful study of the problem has 
nearly convinced the writer that better results can be attained by far 
simpler means in this vicinity. It is even likely that if it should prove 
necessary to spray the elms every year or two with lime-sulphur in 
order to keep the Scale under control, human nature will play the 
same part that it did in the destruction of apple trees which had be- 
come a source of more annoyance than profit. 


THE NATURE OF THE PEST 


As the common name indicates, the European Elm Seale is an 
insect introduced into this country from Europe. It was first observed 
in America at Rye, New York, in the year 1884. It is or has been 
seriously abundant in Vermont, Connecticut, Massachusetts, Ohio, 
and the State of Washington.* For fifteen years it has been present 
in Nevada, where it has proven destructive to our most valuable shade 
trees, the Cork Elm, Ulmus campestris and the American Elm, Ulmus 
Americana. It is still abundant in this vicinity and is spreading rap- 
idly. 

It belongs to the order Hemiptera, family Coccidae, and is known 
to entomologists as Gossyparia spuria, Modeer. In its earlier stages 


it is a minute, six-legged insect which can crawl actively over the bark . . . 


and leaves, but which spends most of its time in one spot on bark or 
leaf with its slender beak inserted in the tissues of the plant on whose 
sap it feeds. 

In summer the surest sign of the presence of this insect is a pre- 
mature yellowing of the leaves on the lower branches of infested trees. 
Late in the summer, seriously infested branches turn prematurely 
yellow or brown to such an extent that one can pick out at a glance 
the elms on which the'scale insects are present in large numbers. 
Other branches still more seriously infested, die in mid-simmer. 
The wilted leaves on such branches bleach to a dull grey-green or dull 
brown wholly unlike the normal clear brown of elm leaves in the 


*“Since its advent in Spokane it has multiplied so rapidly as now to be a serious menace 
to the propagation of shade trees in that City.’’—Melander, Washington Experiment Station. 
Bulletin 74. 
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PLATE IV—HIBERNATING LARVAE 


(From Photographs by the Author) 


1 and 2, Larvae in Winter; Around and In, and Beneath the Semi-Cocoons of Dead 
Females. (X 16). 
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autumn. Scattered twigs, dead and dry in midsummer and covered 
with wilted leaves, autumn colors on the lower limbs long in advance 
of the proper time; these are the surest signs of Gossyparia spuria 
in destructive numbers. 

Often, even in midwinter, one can pick out the infested elms ata 
glance, for the wilted leaves on branches which died in midsummer do 
not fall, but hang on the twigs until the following March. 


THE LARVAE IN WINTER 


As this Bulletin aims primarily to detail methods of destroying 
the winter stages of this insect, we will begin with an illustrated ac- 
count of its appearance during the winter months. In midwinter it is 
an easy matter to find on an infested tree great numbers of such in- 
sects as those shown on Plate I, closely adhering to the bark of the 
lower limbs, especially on the underside. At this season these insects 
are all dead and dry; they are the female scales of the previous 
summer. 

Their progeny, the hibernating larvae, are not so easily seen, owing 
to their small size and to their grey color which is much like that of 
the bark on which they rest; still without seeing them one may dem- 
onstrate their presence by running the thumb along the bark and 
crushing them, leaving the bark and thumb stained as with tiny streaks 
of blood. The accompanying photographs are magnified illustrations 
of the hibernating larvae. Plates II and III. 

A few larvae hibernate within the semi-cocoons of the dead females 
or in rings around them, Plate IV; some are scattered over the twigs 
on buds and leaf-scars, Plate II; many occur in rinys about the bases 
of small twigs, Plate II; others occur in large patches on the under- 
side of limbs whose bark is smooth and green, Plate III; very many 
are to be found in long rows between the projecting ridges of cork 
on the younger branches of infested cork elms. Cracks in the rough 
bark of the larger and lower branches of both the cork elm and the 
American elm are often crammed full of hibernating larvae, Plates II 
and III. 


THE MALE INSECT 


The winter larvae remain fixed in one position until spring, when 
they begin to complete their growth and become sexually mature. 
In 1907 the first signs of maturity were observed early in March, 
when eighteen more or less complete cocoons were found. The male 
cocoon is oblong, about one-sixteenth of an inch long by half as wide. 
At the anal end there is a horizontal slit through which the cast skins 
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of larvae and pupae are ejected and through which the mature insect 
escapes. Newly excreted male cocoons are pure white in color and re- 
semble tiny grains of rice. When clustered about the bases of small 
twigs or when occurring in patches on smooth bark or in long rows 
between the projecting ridges of cork on cork elms, they are decidedly 
conspicuous; on badly infested trees, patches on the bark. of some 
limbs are fairly white with them, Plate V. 


FIRST PUPA 


Length, 1.11 mm. to 1.38 mm. Breadth, .54 mm. to .63 mm. Out- 
line ovate, narrower toward head. Thoracic region narrower than the 
abdominal, whose lateral margins curve bluntly to an obtuse three- 
lobed apex with lobes of about the same shape, the central one broad- 
est. Division into head, thorax, and abdomen obscure. The wing- 
pads are fleshy sacs of about equal length and breadth, turned under 
obliquely on the ventral surface. The legs and antennae are short, 
elongate sacs without distinet segmentation. Plate VII. 


SECOND PUPA 


Length, 1.11 mm. to 1.38 mm. Breadth of abdomen, .48 mm. to 
.60 mm. Breadth of thorax, .45 mm. to .51 mm. Outline elliptical. 
Thoracic region slightly narrower than the abdominal, which tapers 


Reno, Nevada, March 11, 1907. 

*Among three thousand larvae, eighteen had excreted more or less 
complete cocoons; eleven of which contained living larvae almost com- 
pletely denuded of their usual dorsal covering of waxen bristles. Six cocoons 
were incomplete, the larvae within them were distended and dark, the seg- 
ments showing distinctly. The cocoon consists of filaments of wax which 
are excreted in abundance from both the dorsal and ventral surfaces. On 
the bark there were several larvae whose backs were covered with curving 
filaments of wax, the beginnings of cocoons, Plate V. 


April 9th, 1907. 

Male cocoons are now abundant. Some occur in cracks in the bark; 
others are concealed in and around the semi-cocoons of dead females. 
Clusters may be seen here and there on the bark; in one instance I counted 
one hundred on less than one square inch of space. In fifty cocoons from 
various situations on the bark, there were no mature males and none of 
the cocoons were empty. Pupae are not numerous as yet; about one in 
each dozen cocoons. 


April 15, 1907. 

On cocoons kept in the laboratory for a few days, cast larval and pupal 
skins are found adhering loosely to the posterior end out of which they 
were ejected by insect. These cast skins are yellowish or cream colored; the 
larval skin is easily distinguished from the pupal integuments by its long 
proboscis. Male cocoons formed in the laboratory are pure white, those 
excreted out of doors soon become dirty-grey from accumulated dust. 


PLATE V—Cocoons or THE MALE 


(From Photographs by the Author) 


1. Larva Excreting Cocoon. (X 16). 2. Cocoon Finished. Anal Filaments of Male Protrud- 
ing. (X 16). 3. Cocoons. (X 4). 


PLATE VI—Gossyparia spuria, Male. (X 16) 


(From Photographs by the Author) 


1. Cocoon With Protruding Wings and Anal Filaments. 2-3. Wingless Males. 5. Cocoon, 
Cast Skins of Larva and Pupae - 


PLATE VII—Pwtpae or MALE 


(From Drawings by the Author) 


1. First Pupa. 2. Second Pupa at an Early Stage of Development 


PLATE VIII—Detais or MALE 


(From Drawings by the Author) 
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to an acutely-pointed, three-lobed apex, whose central lobe is long and 
pointed and far broader than the two small, rounded, lateral lobes. 
Division into head, thorax, and abdomen fairly distinct. Wing-sacs 
longer than broad, nearly lateral in position. Legs and antennae 
longer than in the first pupa; their segmentation distinct. Through 
the integument the structure of legs and antennae may be seen dis- 
tinctly in advanced specimens. 


THE WINGLESS MALE 


Length of head and body, 1.20 to 132 mm. Breadth of thorax, 
.42 to .45 mm. Breadth of abdomen, .44 to .51 mm. Lateral margins 
of abdomen full and curved, rounding posteriorly to a three-lobed 
apex, whose pointed central lobe bears the generative organs. The 
two rounded lateral lobes bear several short hairs as in the winged 
male, but lack the long, white terminal filaments. Wing pads about 
twice as long as broad, their length being usually less than the width 
of the thorax. Surface of pad wrinkled and folded in a most complex 
manner. Halteres fleshy, often irregularly constricted in the central 
portion, the terminal hook short, stout, only partially developed. 
Antennae as in the winged male, but more compact. Legs as in the 
winged male, but somewhat fuller in outline. Plate VI. 

None of the above characters are at all constant. The wings are 
often long enough to cover half of the abdomen, which is occasionally 
slender and elongate as in the winged male. Anal filaments frequently 
partly developed, but crooked and slender. The wingless male is 
sexually mature, mating with the newly-moulted females, (1908). 


WINGED MALE 


Length of head and body, from 1.32 mm. to 1.56 mm. Body of 
slender form, broadest at the thorax. The abdomen tapers back in 
lines nearly straight from its point of union with the thorax; in fully 
matured specimens the outline of the abdomen is trapezoidal, while in 
specimens removed from their cocoons after full development of the 
wings and anal filaments, the abdomen is broader, with rounded lat- 
eral margins as in the pupae. The posterior extremity of the abdomen 
is three-lobed; the pointed central lobe bears the generative organs; 
the rounded lateral lobes give rise to two long white, waxen bristles 
whose length is to that of the head and body as 17 is to 14. 

Wings white-hyaline, iridescent in sunlight, about twice as long as 
broad. Halteres with fleshy lobe tapering bluntly at the distal end 
to a slender rod with hooked extremity, which engages the rim of a 
purse-like cavity in the posterior margin of the wing. Antennae long, 
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slender, moniliform, ‘hairy. Second joint with distal end rounded 
and club-like, about twice as broad as any other segment. The tenth 
segment is the shortest, the seventh and eighth are of about equal 
length. The third is longest, comparing with the tenth as 5 is to 9. 
The lengths of femur, tibia, and tarsus are as 20, 26 and 9. Plate VIII. 

After moulting three times within its cocoon and pushing out the. 
cast skins through the slit in the anal end, the male emerges. Within 
its cocoon the male larva has undergone three changes in form, pass- 
ing through two pupal stages and finally emerging either as an active, 
wingless male or in the fully-mature winged form. Plate VI. 


THE FEMALE INSECT 


On April 15th, 1907, the first wingless males were observed, and 
on the same date many newly-moulted female larvae. Such females 
are brown or olive-brown in color, broader and more flattened than the 
hibernating larvae. The division into segments shows more distinctly, 
and in many instances the dorsal surface slopes toward each lateral 
margin from a faint longitudinal ridge. Under the magnifier the 
newly moulted females appear slightly pubescent and covered with 
short, stout bristles, Plate IX. 

Honey dew was first observed on the infested elms on May Ist, 
when ants and flies were attracted to it in large numbers. 

On May 17th, 1907, a few females now nearly mature were begin- 
ning their semi-cocoons. These consist of tough envelopes of felted 
waxen fibers excreted from the lateral portion of both the dorsal and 
ventral surfaces. The completed semi-cocoon adheres closely to the 
bark and curls over the dorsal surface of the insect far enough to give 
it support in its usual inverted position on the underside of the 
branch. Within this supporting semi-cocoon, the eggs are laid and the 
young are born. 

The mature females gather together in great numbers on the under- 
sides of the lower branches where the bark of an infested tree is often 
covered with them; they are easily seen from the ground, even at a 
considerable height; for the oval ring of white wax surrounding the 
lustrous, deep-brown insect is a conspicuous object. On fairly smooth 
bark they gather in clustered hundreds; but on ‘the rough bark of the 
smaller cork-elms they occur in irregular clusters and rows between 
the projecting wings of cork. Not all of them, by any means, are 
found on the larger and lower limbs; many are to be found on the 
sides of vertical branches, clusters occur on the lower side of small 
horizontal limbs, many are scattered throughout the tree in the axils 
of buds and tiny twigs. In the main, however, and as a general and 
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PLATE X—DETAILs OF FEMALE 


(From Drawings by the Author) 


a.b. Leg and Foot. c. Antenna. d.-e. Ventral and Dorsal Views of Anal Extremity 
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limited statement, it is fair to say that by far the greatest number of 
females in the egg-laying season are to be found on the bark of the 
larger and lower limbs on the underside. 

On June 19th, 1907, practically all the females had completed their 
semi-cocoons and were engorged with eggs; at this stage they resemble 
tiny sacks of tough, leathery material filled with hundreds of eggs and 
the usual red-brown body fluids. No larvae, however, were to be found 
on leaves or bark up to June 19th.* 


BEFORE IMPREGNATION 


Length from 1.23 mm. to 1.47 mm.; average 135 mm. Breadth 
from .63 mm. to .78 mm.; average .695 mm. Outline ovate, twice as 
long as broad; tapering to the two-lobed posterior extremity each 
lobe of which bears four stout, blunt, dorsal spines and a terminal 
filament whose length is about equal to one-fifth that of the body. 
Dorsal surface olive green to dark brown. Entire dorsum and the 
lateral margins thickly set with stout, blunt spines. The antennae are 
rather short and stout; their length is to that of the body as one is to six. 
The segments of the antennae are not so deeply incised as in the male; 
but the segmentation is distinct. The third segment is the longest; 
fifth and sixth are shorter than the terminal seventh, which bears a 
number of short hairs and two longer ones, whose length is to that of 
the segment as 58 is to 41. Of the leg-segments the femur is longest; 
the tibia is shortest. The lengths of femur, tibia and tarsus are to each 
other as 13, 11, and 12. The genito-anal ring is surrounded by eight 
slender, flagelliform hairs not extending to the ends of the anal lobes. 

After impregnation the female becomes distended with eggs; so 
engorged, in fact, as to resemble a tiny, leathern sack, roughly glob- 
ular or ovoid, pointed posteriorly, flattened dorsally; the back smooth 
and shining, of a deep mahogany-brown color, distinctly segmented. 
The power of locomotion is lost; but the female is held in place on the 
bark by a semi-cocoon of wax while the eggs are laid. Plate X. 


THE EGG 


On June 26th, 1907, larvae were appearing so rapidly that within 
each semi-cocoon there was a struggling mass of them entangled with 


Reno, June 18th, 1907. 
*Females full of eggs are now abundant on infested elms. Male cocoons 
are empty. Branches of elms are smeared with honey-dew. Upon dorsal 
pressure from u dissecting needle, the females extrude two white anal 
organs between which a clear fluid is ejected, sometimes pubbling out in 
tiny drops, sometimes in a jet with force enough to throw drops far from 
the body. No larvae as yet observed on leaves or branches. 
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the exceedingly delicate egg-shells, and among them a few eggs. The 
egg is oblong in outline, pale yellow in color, about one-eightieth of an 
inch long and half as wide. Upon the drying of the shell or membrane 
in which it is enclosed the larva within bursts its covering and 
emerges head first, leaving within the semi-cocoon of the female the 
delicate egg-shell. As the oviduct opens on the ventral surface of the 
body near the anal extremity, the newly-hatched larvae find themselves 
within the semi-cocoon, protected by it and the body of the female. 
One such egg-laying female, when attached to a glass slip by means 
of a tiny drop of Canada balsam, expelled four eggs in about twelve 
minutes; all of them hatched within half an hour. 


THE NEWLY-HATCHED LARVAE 


These are so minute that they would be invisible in bright sunlight 
if it were not for their bright yellow color. In sunlight they appear as 
tiny, lemon-yellow specks crawling slowly about on the bark. On 
June 24th, 1907, many of them had already occupied positions on the 
leaves. Some were in the groove of the mid-rib on the upper surface. 
More were to be found, however, on the underside of the leaf along 
the mid-rib in the axils of branching veins. They were partially con- 
cealed by the pubescence of the leaf, Plate XIII. On June 26th, the 
larvae were appearing far more rapidly than they could escape from 
the semi-cocoon, Plates XI, and XII. On July 2d, 1907, newly- 
hatched larvae were very abundant. They were still abundant in the 
semi-cocoons of the females and along the mid-ribs of the leaves on 
August 9th. Some larvae just out of the egg were photographed on 
September 16th, 1907. Most of the larvae pass the summer on the 
leaves, largely on the under surface, some settle permanently in the 
axils of the leaves or upon the buds; many remain upon the leaves 
until they fall in the autumn. 


‘THE EGG, PLATE xI 


Length, approximately .82 mm. Breadth, .16 mm. Outline an ellipse 
whose length is to its breadth as two is to one. Color, bright lemon-yellow. 
Surface smooth and glistening as though viscous at first; becoming wrinkled 
as it dries and finally bursting a few minutes after it is deposited. Through 
the superficial integument the eyes of the larva within are distinctly seen 
as two black specks. 


Reno, Aug. 12th, 1907. 

I observed some females laying eggs today. I have seen nothing so 
far to indicate that the young of this species are born ovovivipacously. The 
egg is expelled from the female, and upon contact with the air, bursts and 
the larva emerges. 


PLATE XI—Egaes anp Larvae 


(From Photographs by the Author) 


1-2. Egg-Shells and Struggling Larvae Beneath Female. (X 16). 8. Eggs and Hatching 
Larvae. (X 40). 4. Larvae. (X 16). 
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NEWLY-HATCHED LARVAE 


Total length of body approximately .41 mm. Breadth, .21 mm. 
Outline oval, twice as long as broad, tapering posteriorly to two fleshy 
lobes each of which bears three stout dorsal spines and a long terminal 
filament whose length equals half that of the body. Color, lemon- 
yellow. Entire lateral margin of dorsum fringed with stout, thick 
spines. Of these each abdominal segment bears two. Along the tho- 
racic and interior margins the bases of the lateral spines are set higher 
up on the dorsum. Between the antennae the row is made double by 
the addition of four spines whose bases are marginal in position. 
There are two such spines on the ventral surface between the bases 
of the antennae, curved a little and directed forward. The dorsum 
bears a double central row of paired spines of the same shape and gen- 
eral character as the lateral ones. Of these dorsal spines, pairs seven 
to ten inclusive and often pair eleven also are reduced to rudiments. 

The antennae are stout and fleshy, the division into segments not 
strongly marked. Their length is to that of the body as 11 is to 19. 
They are six-jointed, the sixth segment is longest. Its length is to that 
of the third segment as 27 is to 22. It bears a number of short hairs 
and two longer ones whose length is to that of the segment as 61 to 27. 

Of the leg-segments the femur is the longest, the tibia shortest. 
The lengths of femur, tibia and tarsus are to each other as 65, 37 and 
54. The anal ring is surrounded by six hairs. Plate NIT. 


RATE OF INCREASE 


Toward the end of the season a little mass of delicate egg-shells 
has accumulated in the waxen cradle of the female; and it would seem 
as though one might form a good idea of the number of eggs laid 
by one female simply by counting the shells. I reached in this way 
no satisfactory result, however, partly because of the difficulty of sepa- 
rating and counting things so small and fragile and partly because of 
the fact that some of the shells are lost when the body of the female 
shrinks toward the end of the laying season. Then, too, larvae which 
have become entangled with the shells drag some of them out when 
they make their escape. 

In another way we may reach an unsatisfactory idea of the number 
of eggs laid by a single female. In some instances the vitality of the 
larvae is so low that they cannot escape from the semi-cocoon and die 
there shortly after birth. In such instances from sixty to nearly three 
hundred larvae have been counted beneath a single female. 
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DEATH RATE IN 1907 


While Gossyparia spuria was abundant and highly injurious in 
the summer of 1907, it seems likely that the conditions governing their 
increase were on the whole not so favorable as in the previous summer. 
We have spoken of the large numbers of larvae which died within the 
cocoon of the female and of the high percentage of dead larvae found 
on some of the leaves (382 in 1000). There were other things 
which indicated a considerable mortality among these insect pests. 
Very many males in the spring failed to complete their transforma- 
tions and died within their cocoons. The elms, on the whole, appeared 
not quite so seriously infested in this vicinity in 1907 as in 1906 and 
but few were killed outright, though many were rendered unsightly 
by dead branches and dull foliage. People living in the vicinity of 
Carson City stated that their elms had been healthier than usual this 
summer, but that the elm is always a rather sickly tree in that vicinity 
owing to the constant presence of the European Elm Scale. 


ONE WAY IN WHICH THE ELM SCALE SPREADS 
FROM TREE TO TREE 


Late in the summer leaves on infested branches turn prematurely 
yellow and fall to the ground, carrying down with them no small 
number of larvae. On September 5th, 1907, it was an easy matter to 
tell which trees were infested; for on such trees the foliage of the 
lower limbs was yellow or reddish brown, thin, and falling. Groups 
of yellow leaves in the midst of foliage otherwise dark green and 


Dec. 14th, 1907. 
*Under all the dead females which I examined today, there were dense 
masses of larvae which had died shortly after hatching. In many instances 
hundreds of them were massed together with the egg-shells. In one such 
mass I counted 191 dead larvae, in another, there were 280. To a degree 
this may serve as an indication of the large number of larvae to which one 
female gives birth. Many, however, may have escaped. 


Sept. 5th, 1907 
The color of Gossyparia spuria on infested leaves ranges from lemon- 
yellow to orange and chocolate brown. Newly hatched and newly moulted 


larvae are yellow, those more fully grown and not recently moulted are 
darker. 


Sept 9th, 1907. 
Twenty-six per cent of the females examined today were still soft and 
apparently alive. Under the fresher females a few newly hatched larvae 
could be found occasionally, some few were present here and there on the 
bark. On the whole the egg-laying season is nearly at an end as the fresh- 
est females to be found contain very few eggs. 


PLATE XIIIJ—Tue Larvak In SUMMER 


(From Photographs by the Author) 


1. (X 8) and 3. (X 16). Along Mid-Rib on Under Surface of Leaf. 2. (X 16). Recently 
Hatched Larvae on the Upper Surface of Leaf. 
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glossy often betray the presence of the European Elm Scale. On the 
date mentioned I took from a tree which seemed only slightly infested 
ten leaves on which there were just one thousand larvae, 618 of which 
were living. Both dead and living were of all sizes, from those just 
hatched to some as large as the winter larvae. On October 18th, 1906, 
larvae were still abundant on leaves recently fallen from infested 
branches, especially along the mid-rib on the underside. A few were 
discovered in slight recesses along the mid-rib on the upper surface. 
Leaves which had fallen some days previously and which had since 
been lying on the lawn bore very few larvae. On October 24th, 1906, 
larvae were still numerous on leaves which had fallen before the frost. 
On November Ist, after a heavy frost, one or two could still be found 
occasionally on fallen leaves, very few on the leaves which remained 
on the tree. 

On the trunk of an American elm near at hand I found large 
numbers of larvae clinging to the trunk within one foot of the ground. 
They were present in a similar position on the trunk of an English 
elm growing near at hand. The unusual position of these clustered 
larvae leads me to infer that they had fallen to the lawn on the falling 
leaves, had abandoned them, and taken up positions on the trunks of 
the adjacent elms. 


THE NATURE OF THE INFESTED TREES 


The Cork Elm, (English Elm, Ulmus campestris, Smith). 

This is the favorite shade tree in western Nevada and we have used 
the name by which it is commonly known in this region, although 
many of these elms are almost wholly devoid of cork, while on others 
all of the smaller limbs are shaggy with it in thin longitudinal plates 
which radiate from the axis of the branch in all directions. The habit 
of growth is broader and more spreading than that of the American 
elm. The trunk is comparatively short and stocky, it divides into 
from three to ten large branches which in turn divide repeatedly and 
bear a dense mass of deep green foliage which lasts from May until 
November, giving a most welcome shade in this climate of dry summer 
heat and intense sunlight. In moist soil the English elm has the bad 
habit of sending up little thickets of sprouts and suckers about the 
roots. Thousands of these elms have been planted along the residence 
streets and in parks in Reno and Carson City; they are not so common 
as yet in the country districts. In western Nevada they are young 
trees of necessity, few of which are over forty feet in height, and 
though vigorous and hardy they are very susceptible to the attacks 
of the European Elm Seale. Plate XIV. 
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The American Elm, (White Elm, Ulmus Americana, Linnaeus). 

Of a taller, more slender, and more graceful habit of growth than 
the English Elm. The bark is of a lighter grey color and is devoid of 
cork. Some specimens branch almost as diffusely as the English Elm, 
although the general habit of growth is never so stocky and the indi- 
vidual branches are lighter and more slender. Many of these Amer- 
ican elms are already tall and elegant trees, fifty feet in height, with 
long, sweeping branches.. They are apt, however, to be somewhat mis- 
shapen and unsymmetrical because of their greater height and conse- 
quent exposure to the full sweep of the wind. In this region the 
American Elm is apt to be more seriously injured by the European 
Elm Seale than is the English Elm. While the bark is smoother it is 
apt to be full of ckacks and crevices, which offer much protection to 
the hibernating larvae. On the whole, it is a much less sturdy and 
hardy tree than the English Elm and is much more subject to insect 
attacks. 


LIME-SULPHUR AS A REMEDY FOR THE EUROPEAN 
ELM SCALE 


As the preparation and use of this insecticide is understood by 
nurserymen and others who do commercial spraying in this vicinity, 
and as it is the recognized standard remedy for the San Jose Scale, 
I sprayed a number of elms with it in February, 1907, to see whether 
it would also check Gossyparia spuria. 


FORMULA 
PUTAS (2p SE eA Pa Sa AE tet A a ea, 20 Ibs 
Sulphur 0.0. eS a ee re eee 15 lbs 
WWE CTS ead ee Ate has PL ee hs te et cs, 50 gals. 


The lime-sulphur mixture was boiled with steam from a traction 
engine for two hours or more in about thirty gallons of water, twenty 
gallons more were then added and the mixture used while still warm. 
The trees were sprayed with the greatest care; we aimed to wet every 
inch of bark on the tree from the smallest twigs down to the ground. 
At first we did not succeed in this entirely; for it is far more difficult 
to spray a cork elm than an apple tree of the same size. If any large 
portion of the hibernating larvae are to be reached, the bark between 
the projecting ridges of cork must be soaking wet with the spraying 
mixture. In this we failed at first. A careful inspection of the sprayed 
trees showed many spots that had not been covered at all. All such 
spots were sprayed a second time, and several of the trees were thor- 
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(From Photograph by the Author) 


A Thicket of Sprouts Surrounding an English Elm 
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oughly sprayed twice or even three times. Even at that, some of the 
hibernating larvae hidden between the plates of cork escaped the 
spray entirely. 

As the trees varied in size and in degree of infestation, they were 
divided into lots; and as the results varied somewhat, the different lots 
will be discussed separately. 


LOT I 


Fifty-eight young cork elms in the park opposite the Court-house, 
Reno, Nevada. Trees twenty to twenty-five feet in height; a few of the 
higher branches were trimmed in order that the whole tree might be 
covered with the spray. The trees were sprayed, inspected and re- 
touched to cover spots missed in the first application. They were not 
badly infested on the whole; six showed evidence of serious injury in 
September, 1906. Many were only slightly infested; others appa- 
rently not at all. 

In the spring following the spraying, leaves appeared on these 
trees one week later than on surrounding unsprayed elms of the same 
age. In June on some of the sprayed trees there were no small 
rumber of mature females on the underside of some of the branches. 
On one such tree which could scarcely have escaped a thorough spray- 
ing in February, there were a great many females present on the lower 
limbs late in the following June. These were all washed away with a 
strong stream of water from a garden hose; and the gardener was 
instructed to follow the same plan with the remaining trees. A close 
examination of the bark on September 16th, showed that few female 
insects had escaped. On the leaves there were a few larvae. On 
December 13th, after the leaves had all fallen, a most careful examina- 
tion of those trees which had been most seriously infested in 1906 dis- 
closed a few winter larvae in the axils of buds and leaf scars, or clus- 
tered about the few remaining dead female scales. 

The total result of the treatment given the trees in Lot I was very 
good. Throughout the summer their appearance gave no evidence 
that the Elm Seale was present; the foliage was dark green and glossy 
in late summer in strong contrast to the prematurely yellow leaves of 
the unsprayed trees. 


LOT II 


Ten trees at the corner of State and Center Streets, Reno, Nevada. 
Cork elms, very rough and shaggy with cork, about twenty-five feet 
in height. Slightly infested, with the exception of one, which showed 
signs of serious injury in the late summer of 1906. Early in the sum- 
mer of 1907, Mr. Westerfield found some female scales on the under- 
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side of the lower branches and immediately washed them all off with 
the garden hose; throughout the summer he followed the same_ plan, 
washing the bark of all accessible limbs and the undersides of the 
leaves occasionally with the strong stream from the garden hose. 

The result of this treatment was so good that the trees appeared 
entirely healthy and made a vigorous growth throughout the summer. 
Unsprayed trees across the street were badly infested and turned pre- 
maturely yellow. An examination in the winter following disclosed 
a few hidden dead female scales. A few scattered larvae were 
to be found about the buds and leaf scars. On a few branches hiber- 
nating larvae were found in considerable numbers along the bases of 
projecting ridges of cork. In this instance the escape of the few 
female insects and the consequent number of hibernating larvae were 
due in large part to the extreme roughness of the bark. 


LOT III 


Two American elms and fourteen young cork elms all recently 
planted. They range in height from four to sixteen feet. Winter 
larvae were exceedingly numerous, trees completely infested. Well 
sprayed once late in the afternoon of Feburuary 11th, 1907. The 
lime-sulphur used had been well-cooked with steam; it was, however, 
the remainder of a barrel left after spraying a number of other trees 
and was rather thick with sediment. 

The trees were examined about three weeks after spraying, on 
March 6th, 1907. The material chosen for this examination consisted of 
twigs about one-quarter inch in diameter, thoroughly sound and green, 
taken from different parts of several trees. These twigs had all been 
well coated with the lime-sulphur; the wintering larvae between the 
projecting ridges of cork were all still more or less encrusted with it. 
A count of one thousand hibernating larvae showed that 330 were dead 
and 670 were living. Dried and shrunken larvae were counted as dead. 
Those plump, of normal color, and full of the usual clear-brown body 
fluids were considered alive; most of them gave further evidence of 
life by moving legs or antennae. Many of them with backs totally 
encrusted with lime-sulphur moved legs and antennae when lifted 
from the bark on the point of a needle. 

On May Ist, 1907, these trees were well covered with living Gossy- 
paria, hibernating larvae, newly moulted females, and male cocoons. 
Ants and flies were attracted in large numbers by the exereted honey 
dew. The two trees worst infested were young American elms about 
sixteen feet in height. The undersides of many of the branches were 
literally crowded with different stages of the insect in question. These 
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two elms were well washed down with a strong stream from the gar- 
den hose, the nozzle of which had one small circular outlet and threw 
a strong, round stream. Every bit of bark was washed; from twig 
to trunk and down to the ground. The trees were vigorous and young, 
just coming into leaf; the washing was done at noon of May Ist, 1907. 

Both trees made an excellent appearance through the following 
summer, in strong contrast to other trees not so treated. On December 
27th, 1907, a searching examination of one of these trees showed that 
it was almost wholly free from winter larvae. The bark looked unus- 
ually healthy and clean, and though it presented many long and deep 
crevices such as form the usual hiding places of the larvae, almost 
none at all were to be found. A few dead females in the forks of some 
small twigs showed that they had escaped both the lime-sulphur and 
the stream from the garden hose. There is no reason for spraying 
or washing this tree in 1908. 


LOT IV 


Four cork elms twenty-five or thirty years old and about forty 
feet in height; in August, 1906, these trees were so badly infested that 
the limbs were nearly all dead and had been deserted by the insects, 
which drop to the ground upon the death of a limb in the summer 
time. These trees were headed back to the trunk in the autumn leav- 
ing nothing but the stubs of the limbs with a few living twigs. On 
February 12th, 1907, they were sprayed until all the bark was wet 
and dripping with lime-sulphur. In the course of the following sum- 
mer they were well washed at intervals by the gardener employed 
about the grounds who kept the bark and the undersides of the leaves 
clean by means of a strong stream of water from the garden hose. 

The result of trimming, spraying and washing these elms was good. 
They put out a vigorous growth of leafy twigs and looked healthy and 
vigorous through the summer, promising an entire recovery from the 
effects of the Elm Seale. Trees in an adjoining yard which were sim- 
ilarly infested and which were trimmed in the same way, but which 
were not sprayed, made a stunted and sickly growth. 


LOT V 


Six young cork elms about twenty-five feet in height, Mill Street, 
Reno, Nevada. Bark rough with projecting plates and ridges of cork, 
trees planted too close together, branches interlocking, making thor- 
ough spraying difficult. In October, 1906, they showed marked evi- 
dence of injury, for many of the smaller branches were dead or dying 
and the leaves of infested branches had turned yellow. A thorough 
application of lime-sulphur was made on February 12th, 1907; eight 
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or ten gallons were sprayed on each tree, and the appearance of the 
bark after spraying showed that apparently the whole tree in each in- 
stance had been well covered. 

Counts of one thousand dead and living scales were made on March 
Tth, 1907, giving the following results: Dead, 286; living, 714. The 
insects counted were all on smooth twigs which were green and in good 
condition. Some were smooth, others rough with projecting plates of 
cork. Some of the insects counted were clustered about the bases of 
twigs or in the axils of buds; others were ranged along the bases of the 
projecting ridges of cork. More were counted in the latter situation, 
for they are far more numerous there than upon the buds or the 
leaf scars. At the time when the count was made these twigs were still 
grey with the lime-sulphur and appeared to have been well and thor- 
oughly sprayed. 

Female scales were present in considerable numbers on the under- 
sides of the lower branches all through the summer following the 
spraying. They were not washed away by the gardener, and received 
no treatment of any kind after the first spraying with lime-sulphur. 
Until late in autumn these trees made a vigorous growth and showed 
no signs of injury due to the scale. The leaves remained dark green 
and glossy until late in October. On September 16th, 1907, they were 
handsome and thrifty young trees. 

An examination of these trees December 13th, 1907, showed many 
winter larvae on leaf scars, in the axils of buds, grouped in irregular 
rings about the bases of small twigs, or partly concealed in and around 
the semi-cocoons of the dead females or within and around rifts and 
erevices in the bark. Dead females were fairly abundant on the un- 
dersides of the lower limbs. These six trees had been well-sprayed 
February 12th, 1907, with lime-sulphur. They had not been washed 
later in the season with the garden hose. Winter larvae, abandoned 
male cocoons, and dead females were abundant enough in the winter 
following to justify the statement that these trees in the winter follow- 
ing the spraying with lime-sulphur were still moderately infested with 
the Elm Secale. They would be benefitted by another spraying. 


LOT VI 


Two American elms of unknown age. Height 40 feet, girth 3 feet, 
6 inches. Badly injured in the summer of 1906, when many of the 
lower branches were in a dying condition and the leaves were prema- 
turely yellow in the lower portion of the tree. In February, 1907, 
hibernating larvae were present in great abundance. Sprayed Feb- 
ruary 12th, 1907. Count of living and dead larvae made March 7th, 
1907. Living scales in one thousand then numbered 667; of dead ones 
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there were 333. Small branches and twigs, green and sound, but of 
low vitality were chosen for the count. The bark was smooth, with 
little or no cork present; it was coated, even incrusted with lime-sul- 
phur. Scales counted as living were plump, ful! of normal body 
fluids, and of the usual color. Those shrunken and discolored or dried 
were counted as dead. Owing to the height of these elms the tops were 
reached with difficulty, if at all. They were not washed down later 
in the summer with the garden hose. 

They stood the summer of 1907 well and seemed the better for the 
application, but did not make so good a growth nor so prompt a recov- 
ery from the injuries of the preceding year as the other elms which 
had been both sprayed and washed. An American Elm of about the 
same height and age, growing in the same row was not sprayed, but 
was used as a check tree. It was rather more seriously infested than 
the others and died late in the following summer. Counts of three 
thousand dead. and living scales from the check tree made at the same 
time as the counts from the sprayed trees showed that on it about ten 
per cent of the scales were dead. 


A Brief Summary and Some Inferences 


(LIME-SULPHUR ) 


It is not generally profitable to draw general conclusions from the 
results of a single experiment or from the experiments of a single sea- 
son; still from the results of the experiments detailed in the foregoing 
pages it seems safe to infer: 

1. That in every instance many of the hibernating larvae escaped 
destruction by the lime-sulphur; some because they were not suffic- 
iently affected by it, others because they were concealed in the semi- 
cocoons of the female insects or protected by projecting ridges of cork, 
or hidden in deep crevices in the bark. 

2. Before spraying with lime-sulphur it would be well to wash 
away. from the bark all visible clusters of dead females in order to 
destroy the winter larvae concealed within and around them. 

3. After spraying in the winter with lime-sulphur, the trees 
should be washed down with a stiff stream of water under high pres- 
sure late in May or early in June to destroy the living female insects 
which escaped the action of the insecticide. 


Some Questions and a Bit of Discussion 


In the last few pages I have given a brief account of the methods 
used in the vicinity of Reno, Nevada, in 1907 to check the European 
Elm Scale. Those who realize that even within a limited area the com- 
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plete extermination of any scale insect is something not to be hoped 
for will agree that on the whole these methods were thoroughly suc- 
cessful; for every elm treated made a vigorous growth all through the 
following summer and showed no further signs of injury due to the 
insects; while elms on the same street which had not been treated 
were still badly infested, sickly and unsightly. Out of all the treated 
elms very few were sufficiently infested with winter larvae in the 
winter following to require further treatment. The few which did re- 
quire further treatment at that time were those which were sprayed 
with lime-sulphur in February, 1907, but which were not washed down 
with the garden hose early in the summer following. 

In 1907 spraying alone proved highly beneficial to the elms in Lots 
V and VI. Spraying followed by washing proved much more bene- 
ficial to those in Lots I, II, IIJ and IV. Thus, in general, the result 
of the methods employed was good; still, a closer examination of the 
details give rise to many questions. We naturally ask: 


(1). How does the lime-sulphur cause the death of those larvae 
which it kills? 

(2). Why is its action so slow and how long is it active? 

(3). How is the lime-sulphur affected by rain and snow after it 
is applied to the tree and how does this affect its power as an insecti- 
cide? 

In answer to these questions we will say that the lime-sulphur is a 
very complex combination of sulphur salts of calcium when applied to 
the tree, that after its application in contact with air and moisture it 
undergoes a long, slow process of chemical change lasting for weeks, 
perhaps for months, during which time it is injurious to some forms 
of insect life in ways not yet fully understood. The efficiency of the 
wash is reduced by rains following soon after its application to the 
tree. For a further discussion of the chemical nature of the lime- 
sulphur wash and the changes which take place after its application, 
see Bulletin No. 101, Bureau of Chemistry, U. 8S. Department of Agri- 
culture, Haywood. 

These considerations lead to a final series of questions which are 
of the utmost significance: 


(1). The good result attained in 1907 was due to two things, 
spraying and washing. Which was the more effective? 

(2). Which would have killed more if the elms had been washed 
first with the hard stream of water and then sprayed? 

(3). What is the use of spraying the elms at all? Why not let 
them go until spring and then simply trim them and wash down the 
scale from the bark? 
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(4). It took the labor of three men to make the lime-sulphur 
and to apply it, one at the boiling vat, one on the pump handle, and 
one at the nozzle. Three men sprayed the elms once; and later, one 
man washed off the female scales which escaped the three. If one man 
had washed the trees three or four times, would that have cost more? 
Would it have been as effective? 

(5). Why not trim the elms in the winter, wash them with the 
hard stream once in the spring just before the leaves appear, and 
finally wash down at the end of May all the females which escape the 
earlier treatment, omitting altogether the use of lime-sulphur or any 
other insecticide? 

I can only answer, ‘‘It all depends upon the man behind the 
nozzle.’’? In all the experiments under discussion the Entomologist 
was the man behind the nozzle. He had climbed the trees. He knew 
just where the hibernating larvae lay hidden. He was not paying for 
lime, or sulphur or for labor. He was perfectly willing to work his 
spraying gang through a whole forenoon to spray four small trees. 
It cost him nothing except when the doctor dressed his lime-sulphur 
burns. 

The atmospheric conditions following these experiments are given 
in the following tables: 
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TABLE I 
STATION, RENO, NEVADA; MONTH, FEBRUARY, 1907 


TEMPERATURE _| Precipi- 
Dee (Degrees Fahrenheit) (ches Character of 
Max. | Min. | Mean urns day 
dredths 
1 56 |__ 43 50 | O| Cloudy 
2 57 45 51 | 0] Partly Cloudy 
3 56 | 46 | 51 0 Cloudy 
4 | 58 47 52 0 Partly Cloudy 
5 60 42 51 | O_- Partly Cloudy 
6 59 33 46 0 Clear 
7 63 30 46 0 Clear 
8 59 30 44 0 Partly Cloudy 
_9 58 30 44 0 Partly Cloudy 
10 69 36 | 52 | 0 Clear 
11 65 29 47 0 Clear 
12 | 64 | 29 46 0 Partly Cloudy 
13 61 34 48 0 Partly Cloudy 
14 | 64 | #31 48 0 Clear 
_15 | 61 31 46 0 Clear 
16 55 35 45 ae Cloudy 
17) _51_|_ 39 45 0 Cloudy 
18 59 31 45 0 Clear 
19 60 | 28 | 44 | O- Partly Cloudy 
20 61 34 48 0 Cloudy 
_2i 48 40 44 | 013 Cloudy 
22 51 39 45 0 Cloudy 
23_|_ 57 | 29 43 0 Clear 
24 57 29 43 0 Partly Cloudy 
25 | 46 | 33 40 0 Clear 
26 39 28 34 T Cloudy 
_ a7 48 20 34 0 Clear 
28 58 26 40 0 Partly Cloudy 


* Trace 
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TABLE II 
STATION, RENO, NEVADA; MONTH, MARCH, 1907 
TEMPERATURE _ | Precipi- 
Date Denrect Faraheit) Gnekes Character of 
Max. | Min. | Mean re day 
dredths) 
1 |_ 46 33 40 | *T Cloudy 
2 51 30 40 | *T_ Cloudy 
3 52 27 40 _| 0.08 Cloudy 
4 43 31 387 | 0.36 Cloudy 
5 51 36 44 |021 Cloudy 
6 49 30 40 | 001 Partly Cloudy 
_ 7 | 4 31 40 | 003 | Partly Cloudy 
8 50 | 26 38 | 0 Partly Cloudy 
9 49 29 39 | 0 20 Cloudy 
_10 | 40 28 34 (| :0 31 Partly Cloudy 
_—11_ | 40 24 | 32 | 0 20 Partly Cloudy 
12 36 19 28. | eT Partly Cloudy 
13 41 13 27 0 Clear 
14 51 18 34 0 Clear 
15 51 27 39 0 Partly Cloudy 
16 46 35 40 | 0.11 Cloudy 
17 57 44 50 | 0.33 Cloudy 
1g | 48 | 42 | 45 | 0 66 Cloudy 
19 59 38 48 | 0 20 Partly Cloudy 
20 52 33 42_ | 0 02 Clear 
21 46 32 39 0 Partly Cloudy 
22 43 30 | 36 0 Clear 
23 39 30 34 | 1 25 Cloudy 
24 40 27 34 |.0 18 Cloudy 
25 39 17 28 0 Partly Cloudy 
26 40 17 28 0 Clear 
27 40 15 28 0 Clear 
28 47 24 36 0 Clear 
29 59_ | 29 30_| 0 Clear 
30 66 29 48 | -0 Clear 
31 65 36_| 50 0 Cloudy 


*Trace 
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OTHER INSECTICIDES 
KEROSENE EMULSION 


FormuLs—One bar, one-half pound, Commercial Soap Company’s 
Pale Savon, a common yellow washing soap, cut in thin slices and dis- 
solved in two quarts of boiling water. 

One gallon Warden & Oxnard’s Elaine Oil, Kerosene of good 
grade, poured into the boiling soap solution after its removal from the 
fire, the whole mixed and emulsified by pumping through the force 
pump for ten minutes or until no free oil separates on standing. 

The emulsion made after the above formula seemed perfect, it 
mixed readily with water in all proportions without the separation of 
any free oil. 


Repuctions—(a). Three parts of the original emulsion with sev- 
enteen parts of water. 10 per cent Kerosene. 

(b). Three parts of the original emulsion with thirteen parts of 
water. 12 1-2 per cent Kerosene. 

(¢). Three parts of the original emulsion with nine parts of 
water. 16 2-3 per cent Kerosene. 


SPRAYING EXPERIMENTS 


January 31st, 1908, Reno, Nevada. 
LOT I 
(With Atomizer in Laboratory) 


Mater1st—Hibernating larvae in cracks on the smooth bark of a 
small branch of American Elm. The limb was dead, but the larvae 
appeared normal in every way. The cracks were all moderately filled 
with larvae and were of about the same depth and general character 
throughout the limb. In some, larvae were numerous enough to be- 
come crowded. Very few dead females or their semi-cocoons were 
present. 


APPLICATION—Kerosene emulsion of different strengths applied 
as a fine mist by means of an atomizer. The cracks in every instance 
were filled to overflowing with the solution, which dripped from the 
bark and stood in the cracks like milk. The branch was in its normal 
position with the larvae on the underside. The application repre- 
sented a thorough spraying in every instance. 

ConpiTIons—Room temperature, 60 degrees. Temperature of solu- 
tion, 100 degrees. After spraying the branch was kept indoors in a 
warm room for nearly a week in order that the larvae which had been 
killed by the emulsion might dry rapidly and so be ready for counting 
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somewhat promptly. Asa result, a few of the more active larvae had 
begun to wander about on the table over which the branch was sus- 
pended and a few undoubtedly escaped. This would render the per- 
centage of deaths due to spraying a little too high, probably a trifling 
error in this instance. The contrast between the temperature of the 
solution and that of the room was a matter of no importance in the 
present instance, as the emulsion was atomized by a current of air. 
Tests by the thermometer with a room temperature of sixty degrees 
and a solution temperature of one hundred showed that when the bulb 
of the thermometer is sprayed with the atomizer under the conditions 
named the mercury does not rise more than a degree or two. This is 
not true with the large spray pump, however, for when water whose 
temperature stood at 130 degrees was sprayed on the bulb in a room 
whose temperature was 50 degrees the mercury rose to 80. The 
mechanism of the spray pump is entirely different from that of the 
atomizer ; for in the former a column of air is not used to atomize the 
solution, but the fine spray is formed by discharging the water under 
high pressure with a rotary motion from a small aperature. 


RESULTS, KEROSENE EMULSION, LOT I 


Test ror DeatH—Material examined in the laboratory at a room 
temperature of 80 degrees, under the dissecting microscope, by the 
strong diffused daylight of a north window. Scales of the normal, 
clear purple-brown color, not shrunken, with body fluids not thickened, 
were counted as living if they moved legs or antennae when inverted 
hy the point of a dissecting needle. Those shrunken, blackened and 
oily or deep purple in color, motionless, were counted as dead. With 
the 16 2-3 per cent emulsion the test for death was easily applied. With 
the weaker emulsions it was applied with increasing difficulty, as 
many of the living were more or less shrunken and discolored and 
their motion was exceedingly sluggish in many instances. It would 
seem to me that better results would have been reached if the exami- 
nation had been conducted at an interval of three weeks instead of a 
single week. The conditions of the test, however, made this impos- 
sible. There is a strong probability that some of those counted as liv- 
ing would have been ranked among the dead at a later date. As very 
few of the larvae were in any case thoroughly dry, I assume that very 
few were dead at the time of spraying. 


Counts of DEAD anp Livine—Note. Many of the “‘living’’ were 
motionless until stimulated by the near approach of a hot needle. 

Mixture 16 2-3 per cent Kerosene. Counted 200; dead, 157; living, 
43; per cent dead, 78.5; per cent living, 21.5. 
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Mixture 12 1-2 per cent Kerosene. Counted 200; dead, 101; living, 
99; per cent dead, 50.5; per cent living, 49.5. 

Mixture 10 per cent Kerosene. Counted 250; dead, 116; living, 
134; per cent dead, 46.4; per cent living, 53.6. . 


KEROSENE EMULSION, LOT II 
(With Atomizer in the Open Air) 
Reno, January 30th, 1908. 


Mareriat—Hibernating larvae more or less concealed in cracks 
in the bark of limbs of American Elm. The limbs chosen were of 
various sizes, but an effort was made to secure material for each test 
which would be of about the same character. The limbs were so sep- 
arated from each other as to prevent the mixture used in one test 
from falling on the limb to be used in another. In general the mate- 
rial represented fairly the usual position of the hibernating larvae. 
As the trees were badly infested, most of the trees contained great 
numbers of larvae. 


Conpitions—A clear, sunny afternoon with a brisk wind from the 
west. The applications were made between 1:30 and 3:00 P. M., 
when the thermometer stood at about forty degrees. 


APPLICATION—Each sample was blown on the bark in a .fine 
spray with an atomizer of a usual pattern. In each instance it soon 
wet the bark so thoroughly that every sprayed crack was full of the 
solution, which filled the cracks and stood on the bark in drops like 
milk. A strong effort was made to have the work with the atomizer 
represent a thorough job of spraying, in which the bark should be wet 
to a dripping condition. With the earlier and weaker samples, evap- 
oration was so rapid that the emulsion soon dried on the bark leaving 
no trace of its use except a clean and somewhat oily appearance of 
the bark. The cracks chosen were all on the underside of the limb. 
They were filled as full of the emulsion as they would hold. 

Sprayed January 30th; examined March 3d, 1908. 


Test ror DratH—As the weather since the spraying was 
warm and dry the larvae had ample time to dry and shrink after their 
death and before examination. This made the test for death an easy 
one to apply. Those larvae which were shrunken and blackened and 
motionless were counted as dead; the remainder as living. Each 
larva was inverted with the point of a dissecting needle and the ven- 
tral surface examined in a strong light. The room temperature stood 
at 65 degrees during the examination and the motion on the part of 
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the living larvae was usually prompt; in some instances, however, 
’ motion was stimulated by the near approach of a hot dissecting needle. 


Sources oF Error—The larvae were no longer wholly dormant; 
for many of the males had begun their cocoons. Before beginning 
their cocoons the males often wander about on the limb and settle in 
new situations. I do not think that in the present instance this habit 
had progressed far enough to cause any important error. A second 
source of error lies in the fact that some of the dead larvae may have 
become detached from the branch by wind or rain and so lost to the 
count. The crowded condition of the dead larvae in the cracks, to- 
gether with their protected situation on the underside of the limb 
makes this source of error seem unimportant. 


ReEsutr or Count—Mixture 16 2-3 per cent Kerosene. Counted 
1109; dead, 912; living, 197; per cent dead, 82.2; per cent living, 17.7. 

Mixture 12 1-2 per cent Kerosene. Counted 723; dead, 350; living, 
373; per cent dead, 48.4; per cent living, 51.6. 


SCALECIDE 


This is an insecticide which in appearance and action closely 
resembles the Kerosene Emulsion. Its base, however, is a heavier oil 
than kerosene, and it seems far more effective as an insecticide. The 
Sealecide used was part of a ten-gallon sample sent out for trial by 
the manufacturers. As it had been standing for some time, the sample 
in the original can was first stirred thoroughly with a stick, the can 
itself was then rocked back and forth violently for several minutes 
in order that the small amount, about one pint, which was drawn off, 
might fairly represent the contents of the can. The small sample was 
then mixed with water in the proportions indicated in the accounts 
of the experiments which follow. The tree chosen for the experiments 
represented natural conditions of temperature and the other climatic 
factors; for it stands in the open air in the midst of the infested dis- 
trict on Mill Street, Reno, Nevada. In each of the following atomizer 
experiments the larvae were first examined with a magnifier to see 
that their appearance was wholly normal, and in every instance the 
bark was examined to ascertain whether or not it was sound. Much 
care was exercised to prevent the possibility of the spray used in one 
test touching the bark which had already been sprayed or which was 
to be sprayed in another test. These atomizer experiments should give 
a good idea of the efficiency of the sample of Scalecide used, under the 
conditions named. 
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SPRAYING EXPERIMENTS, SCALECIDE 


(With Atomizer in the Open Air) 
10 Per Cent Solution. One Part Scalecide With Nine Parts of Water. 


Mareriat—(1). Colonies of hibernating larvae surrounded dead 
females on a green and healthy quarter-inch twig. (2). Scattered 
clusters of hibernating larvae on a healthy limb well up in a tree. 
Some of these larvae are partially concealed in cracks, others fully 
exposed to the action of the insecticide. (3). Three irregular rows 
of hibernating larvae apparently in a healthy condition in cracks in 
the bark of a badly infested American Elm, the bark surrounding the 
larvae is partly dead. 

Conpitions—A clear and sunny afternoon, 2 P. M. Tempera- 
ture, 42 degrees. 

APPLICATION—The insecticide was applied with an atomizer of a 
usual pattern, whose misty spray wet the bark until the solution stood 
in the cracks and ran along the bark in drops like milk. 


RESULTS 


Trust For DeatH—The same tests were applied as in the experi- 
ments with kerosene emulsion. 


Resutts or Counts—Of 1283 larvae examined, only four were 
living, giving a percentage of efficiency of 99.7 per cent. This should 
be total, for the four living ones were sluggish and discolored and 
would in all probability have died soon. . 
Sealecide, 1 in 15. One Part Sealecide With Fourteen Parts of Water. 

Material, conditions, application and tests for death were of the 
same character as with the 1 in 10 solution. 

REsuLTs—Out of 1359 larvae counted, 145 were living, giving evi- 
dence of life by moving legs or antennae when the test for death was 
applied. Most of them remained under observation for several min- 
utes. In some instances the motion was very slight and the larvae 
appeared to be in a dying condition. To the naked eye they seemed 
to be of wholly normal appearance, though perhaps a little shrunken. 
The count probably errs by stating too small a proportion of dead; 
for there is much to indicate that some few at least were washed away 
by rains after the branch was sprayed. On the whole the larvae 
were in such situations on the bark that they were fairly exposed to 
the spray. Many of those which escaped were concealed in the deeper 


crevices. The percentage of efficiency with the one in fifteen solution 
was nearly ninety per cent. . 


Scalecide is manufactured by the B. G. Pratt Co., No, 11 Broadway, New York. 
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With weaker solutions the percentage of efficiency fell rapidly. 
A Sealecide solution of one in twenty gave an efficiency of 67 per cent 
under similar conditions to those detailed above for the stronger mix- 
tures. A solution of one part in thirty gave only 34 per cent. 
Scalecide and Kerosene Emulsion.. A Summary and Some Inferences 

The atomizer experiments which I have detailed above were not ex- 
tensive in character nor continued over any long period of time; but 
they were thorough, and may well serve to indicate the relative effic- 
iency of the two insecticides. I am confident that in order to penetrate 
the white flocculent wax beneath the hibernating larvae, to penetrate 
the deeper crevices in which they are hidden, or even to penetrate the 
masses of semi-cocoons which shield so many of the hibernating larvae 
one must use kerosene emulsion which is at least one-sixth pure kero- 
sene; one-fifth would be better. I cannot recommend the use of such 
strong kerosene emulsions even on dormant elms. It seems to me that 
if such strong emulsions were used for a series of years a serious in- 
jury to the elms could not fail to follow. 

Much weaker solutions of Scalecide proved far more efficient and 
it is likely that this insecticide can be used at a strength as low as 
1 in 15 with thoroughly good results if the application wets the hiber- 
nating larvae completely. With this, as with the lime-sulphur, it 
does not pay to economize material, as the main cost of spraying is in 
the labor, and a poor job is worse than none, for it fails of effect and 
gives the materia] and methods used a bad name. 


THE GARDEN HOSE AND THE ELM SCALE 


In this connection I would gladly make three points so clear that 
there can be no possibility of a mistake concerning them. 

The first is this: The stream must have force. A gentle sprink- 
ling probably simply refreshes the female scale insect and improves 
her appetite. I have spoken of it as a hard stream, a stiff stream, a 
strong stream, a powerful stream. I do not say that the insects are to 
be simply wet, or given a chill, or even drowned out; but that they 
must be hit hard and knocked out. 

My second point is this: The washing must be done thoroughly. 
Most of the mature females are, indeed, to be found on the underside 
of the lower branches; yet there are others and many of them scattered 
over the entire tree, in the axils of tiny twigs, on the under sides of 
small horizontal branches high in the tree, and in cracks in the rough 
bark of vertical limbs. In April wash every limb from twig to trunk, 
then wash the trunk. Do it again in the beginning of June. 

My third point is this: The washing must be done at the right 
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time. In December, 1907, I examined two young elms which were 
literally covered with hibernating larvae. Dead females were com- 
paratively scarce. The owner of the elms said that it was useless to 
wash the trees, that in the summer he had washed away the female 
scales and, ‘‘Now, just look at them!’’ I asked, ‘‘When did you wash 
them?’’? He replied, ‘‘In July or August, I have forgotten which.’’ 
He had washed away the almost empty females when the young were 
nearly all out on the leaves. Had he used the strong stream twice 
on those elms, once in April, just before the leaves began to show, 
once in June before the young scale insects appeared, his trees would 
have been comparatively clean in the following winter; and this at no 
expense, for he had enough hose to.reach the elms from all sides and a 
nozzle which threw a powerful jet twenty feet in the air. 

There is but one generation of Gossyparia spuria each year. If 
all the females could be destroyed at the beginning of the season 
there would be no generation. 

In every stage of its growth Gossyparia spuria can be washed from 
the bark readily with a strong jet of water. I have searched the winter 
larvae out of cracks and crevices with the strong stream ten feet from 
the nozzle. I have knocked females and their semi-cocoons out from 
between plates of cork on elm branches leaving no trace of insect or 
semi-cocoon. I have stood on the ground and washed away winter 
larvae from branches twenty feet above. 

In this work the following apparatus is very useful: One hundred 
feet of three-quarter inch garden hose with tight connections at all 
joints, six feet of half-inch galvanized pipe with pipe-to-hose connec- 
tions at both ends to one of which is attached a nozzle which throws 
a hard, strong jet of water. For the lower branches the hard stream 
may spread a little. For higher branches a long tapering nozzle 


whose single, round opening throws a powerful, round jet is very suit- 
able. 


THE AXE, THE GRUBBING HOE, THE PRUNING SAW AND 
THE GARDEN HOSE 


These are the tools which we expect to use in our future experi- 
ments in controlling the European Elm Seale. 

We do not expect to use the axe as thoroughly as we would like. 
No finer program for future Arbor Days in this vicinity could be 
chosen than the cutting down of half the elms and other trees: along 
our streets for the sake of the other half. Along State and Mill Streets 
in Reno, half the elms should be sacrificed immediately. Some people 
seem to think that the elm is a hedge plant instead of a tree. Often 
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from five to seven elms are choking the life out of one another in 
front of a single 50-foot lot. Two good elms are twice as good as four 
poor ones. Twenty-five feet in every direction is too little for a broad 
and spreading tree like the cork elm. Two trees in front of one 50- 
foot lot would not be very crowded at first. We should not think of 
planting more. 

The use of the grubbing hoe is a pleasant form of light exercise 
in the spring time. It should be indulged in freely wherever the cork 
elms have sent up thickets of young growth from the roots; for these 
unsightly thickets of young elms are nurseries for the scale. See 
Plate XIV. 

With the pruning saw the elms should be trimmed into an open and 
spreading form of branching. Cuts should be made at the very base 
of the limb which is cut leaving no stub whatever. The mutilated 
stump of what was once a limb is unsightly, injurious to the tree, 
and suggestive of ignorant and slovenly trimming. It is bad practice 
to cut off the end of a branch; for on the remaining end a perfect 
broom of twigs soon forms, making spraying and washing doubly 
difficult. In Reno the elms are planted so close together that, deprived 
by one another of their necessary air and sunlight, they shoot up in 
spindling forms which in the course of time attract the attention 
of even the owners, who instead of cutting down half or two-thirds 
of their crowded trees, try to trim them all into shape by cutting off 
the ends of the branches. This is simply ruinous to the appearance 
of the elm and to its normal and healthy growth. The cork elm espec- 
ially is a broad and spreading tree by its inherited habit of growth. 
As a general principle of tree culture it is safe to say that an orna- 
mental tree fails of its purposes unless it is given so much room that it 
can spread out in all directions into its own characteristic shape. It 
is going to be no easy matter to care for the elms which line our resi- 
dence streets if the European Elm Scale and other insects continue to 
spread. It is a very hard matter to spray a shaggy cork elm thor- 
oughly even under the best of circumstances, but where they are 
crowded together with interlocking branches as they are about the 
Capito! Building at Carson City or along many of the residence streets 
in Reno, it is simply impossible to do any effective spraying. 


HUMAN NATURE AGAIN 


Now in all probabilty the plain, homely methods of destroying 
Gossyparia spuria which are here suggested will fail to appeal to some 
people. The garden hose may appear too simple a remedy to be effec- 
tive. The dark brown color of the lime-sulphur and its sulphurous 
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smell suggest something mysterious, half-diabolical, ‘‘scientific.’’ 
Then, too, there is something still attractively novel and up-to-date 
about the appearance of a spray pump, especially when operated by a 
gasoline engine. 

There was once an old woman whose family was very large and 
whose cares were correspondingly many. <A neighbor asked her, 
‘*How is it, Mrs. Murphy, that you ever succeeded in raising so large 
a family?’’ Mrs. Murphy answered, ‘‘Sure, when they reach a cer- 
tain age I just give ’em to God and let ’em go!’’ We seem to follow 
much the same plan with our elm trees. 

Human disease is often due to the fact that unwise ways of living 
have supplied the conditions under which disease flourishes. How natu- 
ral it is then to go to a doctor and demand some mysterious ‘‘cure’’ 
rather than change our rooted habits and ways of living. With our 
elms it is much the same. Gossyparia spuria flourishes on crowded 
and neglected elms. We supply ideal conditions for its growth and 
spread. Let us first change those conditions with axe, pruning saw 
and grubbing hoe; then fight the battle out with the garden hose, 
using the spray pump as a last resort. 
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AN IMPORTANT ELM INSECT. 


F. H. Hittman, M. S. 


The present brief bulletin is issued as a preliminary report upon an 
injurious insect new to Nevada, whose depredations are sufficiently 
serious to demand early attention in at least a single locality. Our 
present knowledge of the insect in relation to its history in Nevada, 
will admit only of an account of its single known attack within the 
State, together with a brief statement of the insect's history in this 
country, its nature and more important life-habits, and the result of 
‘preliminary experiments leading towards its control or eradication. It 
is hoped that the investigations of another year will better prepare us 
for the presentation of reliable information relative to remedies; also 
further facts regarding the extent of the attack of the pest in Nevada. 

Of the few trees thus far used tor shade and ornament in Western 
Nevada each has some insect enemy, with the possible exceptions for 
our region at the present time of the maples and box-elder. The 
majority of these insects, however, have appeared in sufficiently small 
numbers to escape popular notice, and so, continue to-appear from 
year to year unmolested and generally unknown. 

The most popular of our ornamantal trees, the elms, represented by 
two species, principally the white elm (U/mus Americana) and the 
cork elm (U/mus racemosa), have shared, with others, this immunity 
from destructive insects, until now these trees are threatened by a 
most destructive insect of comparatively recent introduction to this 
country. , 

This insect has made its appearance at Carson City upon the elms in 
the State Capitol grounds and on the streets in the immediate vicinity. 
So far as is known, this is the only locality within the State in which 
this insect has made its appearance. 

Early in October of the present year the writer’s attention was called 
to the presence of the insect upon the elms about the Capitol by Mr. C. 
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A. LaGrave, State Comptroller. Specimens of infested bark were sent 
to the writer for examination. From these the insect was at once 
identified as Gossyparia u/mi Geoffroy, an insect little known in this 
country, but well known in Europe, where it is a serious enemy of the 
elms in France. ; 

The following information regarding the history of this insect in this 
country is taken from the government publication, ‘‘ Insect Life,’’ (Vol. 
II, p. 34). The first locality in the United States from which it was 
recognized was Westchester Co., N. Y., in 1884, where it was found 
on nursery stock in great numbers. _n 1887 it was found on the slip- 
pery elm at Cambridge, Mass. It had been observed in New York 
City the previous year. In 1888 it was found on elms on the grounds 
of the Department of Agriculture at Washington, and soon after on 
trees in the streets of the same city. Up to this time the insect 
remained unidentified in the American entomological collections, but in 
1889 more complete material was received by the Division of Ento- 
mology of the Department of Agriculture, from which the insect was 
determined to be identical with the elm pest of Europe, (Gossyparia 
ulm2) Geoffroy. 

So far as is known, the insect confines its attacks in this country to 
the elms, but presents some variability in its preferences for the various 
species of elms in different localities. In Europe, however, it has been 
found on the alder, from which fact the synonym Gossyparia alni 
Modier has arisen, the specific name a/zz being derived trom Adnus, 
the name of the genus of plants to which the alder belongs. 

According to the reports of the observers at the above-mentioned 
localities, the insect attacks the American elms more vigorously than 
the introduced European species, and thus it is added to the already 
long list of immigrant animals and plants that have found in this 
country conditions more congenial than those of their foreign home. 


THE ATTACK AT CARSON CITY. 


On October rgth the writer visited Carson City for the purpose of 
investigating the attack of the insect at that place. The first tree 
examined was a white elm, twenty or twenty-five feet high, standing 
beside the walk on the north of the Capitol, midway between the build- 
ing and street. Last year this tree was observed to be dying, which 
fact was even more evident at the time of the present examination, 
when only the uppermost branches were leaf-bearing. With the aid of 
a painter’s ladder a careful examination of -the attack of the insect was 
made. 

Standing on the ground, one could plainly see the characteristic 
rows and blotches of old insects, which nearly covered the under side 
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of the lower branches. These were the dead bodies and empty wax 
cups of insects of the two or three preceding years. No living young 

‘were found here, although male cocoons were abundant. These remains 
were to be counted by the thousands and the cracked and displaced 
bark was sufficient evidence of the cause of the death of the branches. 
As the examination proceeded upward, the same condition was exhib- 
ited by the higher branches. The number of insects seemingly 
increased towards the middle of the tree, where living young were seen 
in countless numbers. Nearer tze top of the tree the insects seemed to 
be but a year old. Here the male cocoons were much fewer than on 
the intermediate and lower branches. The uppermost leaf-bearing 
branches showed comparatively few insects which were confined to the 
bases, the upper parts being free from insects and apparently in a 
healthy condition, In all cases the old insects were confined to the 
under side of the more horizontal branches and seemingly to the shaded 
sides of those more nearly vertical. Very few old remains were found 
on the trunk, and these only in the deeper recesses of the bark. 

An‘examination of other trees on the grounds showed them to be 
very generally affected, though few so badly as the first tree examined. 
The smooth-bark trees exhibited the greater number of insects. This 
is probably due to the protection afforded the cork elm by the plates of 
cork which cover a large part of the living bark on the branches and 
twigs of this elm. One young tree, twelve feet or more high, standing 
beside the east walk, showed a scattering few mature females, which 
were noticed only on careful examination, but thousands of young were 
found clusteredin various protecting cracks and depressions in the bark. 
This tree had evidently been attacked for the first time the present 
year, and, although the mature insects were comparatively few, yet they 
were able to thoroughly stock the tree. As the bark at this time was 
very thin and tender, a large proportion of the young insects would 
be likely to survive and produce a host of matured insects the coming 
year, . 

A tree in the street, two blocks from the Capitol, was badly intested. 
The insects all appeared comparatively young, however, and the tree 
was in full leaf. Many young lice were found on the under surface of 
the leaves, especially at the axils of the veins, Presumably, these were 
stragglers which would not return to the branches for hibernation. 

As was expected, no other kinds of trees were found affected, 
although maples and box-elders stand among the elms in different 
yarts of the grounds. 


APPEARANCE OF THE INSECT DESCRIBED. 


One is most apt to first notice the presence ot this insect by seeing 
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great numbers of elliptical or circular whitish rings surrounding a 
darker center clustered along the under side of the lower limbs and 


Fic. 1—G@ossyparia ulmi— 
Section of branch showing 
the usual appearance of the 


insects; a, females over a 
crack in the bark. (Two 
small groups are seen in the 
upper part of the figure.) e. 
a cluster of small cocoons. 
(Another cluster is at the 
left of the figure ) 


branches. If the bark is cracked, rows of the 
insects will be found to cover the cracks and so 
be arranged longitudinally to the branch. 
These light margined objects are the bodies of 
old female lice and may Le of one, two or three 
years’ standing. A closer examination will re- 
veal the fact that many of the central darker 
parts, which are the bodies proper of the lice, 
are absent, these having fallen away with age 

The white marginal ring surrounding the 
body of the insect, consists of a somewhat fir 
brous, waxy material, secreted by the develop- 
ing insect It becomes firmly attached to the 
bark and curled inward, arching over the back 
of the insect, where its edge is somewhat 
fringed. The body becomes with age dark 
brown, smooth, convex longitudinally, the seg- 
mentation usually remaining distinct. 

The preceding description applies to the 
female only. The male insect assumes a very 
different form. As the males do not take food, 


they may be found at any point on the bark, usually, however, in more 
or less protecting spots. On nearing maturity, the males secrete a 


minute pocket-like case, or cocoon, within 
which they cast their larval skin, and acquire 
a single pair of wings. They then emerge 
from the the cocoon, and mating with the fe- 
males, disappear. The empty cocoons remain 
attached to the bark. They occur singly, but 
usually in clusters, each a minute white object 
less than a twelfth of an inchlong. Where the 
plates of cork are numerous on the branches of 
the cork elm, the female lice ‘become fixed to 
the narrow strips of living bark between the 
plates of cork, while the male cocoons may be 
found in the narrow crevices in the cork. 

The young lice, as they appear at this season, 
can be seen with the unaided eye only on close 
examination. Under a strong lens, a cluster 
of them presents a dull grayish appearance. 


Fic. 2—Gossyparia ulmi— 
Section of branch of cork 
elm, showing female insects 
between the plates of.cork. 
Male cocoons are often 
ound in the smaller crevices 
of the corky plates ) 


Individually they are 


somewhat oval in shape, and are covered with minute whitish spines. 
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Most of them are quiet in their place of hibernation, but on being dis- 
turbed many will leave their positions, moving sluggishly. 


RELATIONSHIP AND LIFE HISTORY. 


This insect belongs to the family of insects Coceid@, which is repre- 


sented by many very injurious insects. 


Fic. .3—Gossyparia ulmi— 
Female insects greatly en- 
larged. he he upper two 
show the dark bodies proper; 
the lower is the cup-like 
waxy secretion, the body of 
the insect 
away Young lice are 
shown clustered about the 
mother insects.) 


havin ig fallen: 


The various scale insects, some 
of which are particularly injurious to the citrus 
fruits of California; also the mealy bugs, one 
of which is common in conservatories, and an- 
other most destructive to the orange in Florida, 
are closely allied to this elm insect. Thus, on 
investigation, it is found that the near relatives 
of the insect in question are notorious for their 
injurious habits, a fact which should give us 
some assurance that our enemy of the elm is 
worthy of earnest consideration. 

Owing to the short period during which this 
insect has been under observation, an account 
of its life-history in Nevada cannot be given at 


the present time. In lieu of this a brief state- 
ment of its principal habits, as recorded by observers in the East, is pre- 
sented. ; 

The young lice are born in late June and early July. .They soon mi- 
grate to the leaves, where they remain until August, when they return 
to the twigs and branches, probably for hibernation in protecting crev- 
ices. On thereturn of warm weather in Spring, they again become 
active and the males form their cocoons. Early. in May the males 
emerge from their cocoons, when mating occurs, after which they dis- 
appear. The females now become permanently fixed to the bark, and 
the life cycle is closed upon the birth of young in June and July. 


REMEDIES. 


The destruction of this insect should not be attended with the diffi- 
culty that has characterized efforts in this direction against the San Jose 
and other scale insects. The latter are protected bya roof-like scale 
which protects the tender parts of ‘the body and enables the insects to 
very effectually resist the remedies ordinarily employed. In the case 
of the elm insect, the body remains exposed and thus is more likely to 
yield to the action of corrosive washes. 


RESULTS IN THE LABORATORY. 


Freshly cut infested branches were treated in the laboratory with 
kerosene emulsion, whale-oil soap and the fumes of hydro-cyanic acid 
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gas. As might be expected, the latter remedy proved fatal to the 
insects. Nota living one could be jound after the treatment. which 
was continued but a few moments. 

The results from kerosene emulsion and whale oil soap were very 
similar, with those from kerosene emulsion possibly the more favorable. 
From sixty per cent. to eighty per cent. of the lice were estimated as 
killed by these washes with one application. The branches treated 
bore many cracks and protecting scales of bark, and the lice surviving 
the treatment seemed in all cases to be those that -had shared the pro- 
tection of these places in the-bark. 


SUMMARY. 


1. The smooth-bark elms seem to be more subject to serious attack 
than the cork bark elms, owing to the protection afforded the latter by 
the plates of cork on the branches. 

2. The possible present confinement of the disease to the vicinity of 
Carson City warrants active and thorough measures to eradicate the 
pest and prevent its spread to other parts of the State 

3. The danger of getting young nursery stock at Carson City is 
evident. 

4. Judging from the history of the insect in America, it is not likely 
to attack trees other than the elm. 

5. Kerosene emulsion and whale-oil soap seem to be effectual reme- 
dies when the insects]are reached by them. Spraying will probably 
have to be done at different periods and may be found to be most 
effectual when the insects are most active. 

6. The fumes of hydro-cyanic acid gas effectually destroy the lice, 
but the use of the remedy necessitates the employment of a tent to 
cover the tree and confine the gas sufficiently long to kill the insects. 

7. A careful study of the insect’s habits, extending through an 
entire year at least, will be necessary to determine the most vulnerable 
period in the insect’s life-history. 


November 12, 1895. 
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I. A EUROPEAN ELM SAWFLY LEAF-MINER 
Kaliosysphinga ulm Sundeval 


The American elm often develops into the most beautiful, majestic and 
graceful of shade-trees. It usually suffers less from insect foes than most 
other shade-trees. The English 
and Scotch elms and their varie- 
ties also have been largely 
planted for shade-trees in many 
parts of this country, and for a 
long time they were equally as 
free from insect depredations as 
the American elms. In com- 
paratively recent years, however, 
several of the insect enemies of 
the European elms in their native 
home have become established 
in America. 

The European elm leaf-beetle 
(Galerucella luteola) has been 
ravaging elms, mostly the Euro- 
pean species, for nearly 70 
years, and is doubtless now the 
most serious elm pest in New 
York and neighboring States 
(Fig. 22). Since 1884, European 
elms in widely scattered localities 
in the United States, and 
especially in New York, have 
suffered from the European elm 
bark-scale (Gossyparia ulmt). 
In 1896, my attention was called 
to little case-bearing caterpillars 
(shown in Fig. 23) working on : Les 
European elms in Brooklyn ae 
Parks. The insectis apparently 
another importation, the Euro- 
pean elm case-bearer (Coleophora limosipennecla), and it is spreading and 
increasing its injuries. 

I must now add to this list another serious insect enemy which has followed 
the European elms to America. This new elm pest is a near relative of the 


Fic. 22.—L£im leaf-beetle larva at work. Natural size. 
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alder sawfly also discussed in this bulletin. It ‘‘ blisters ’’ and kilis the leaves 
and thus far works almost entirely on English elms (U/mus campestris), and 
Scotch elms (C/mus scabra or montana), including the ‘‘ Camperdown ”’ 
variety. 


Historical.— Apparently the first and only record of this new elm pest in 
America is the following brief note by Dr. Felt in 1898 (Bull. 17, U. S. Div. 
of Ent., p.c1; 14th Rept. of State Ent., 237): ‘‘ An elm leaf-miner. 
This insect has been unusually destructive in Albany and Troy the present 
season. For the past three years the Camperdown elms in Washington Park, 
Albany, have suffered rather severely from this species. The present season 


Fic. 23.—A European elm case-bearer at work on an elm-leaf from Brooklyn 
Parks. Natural size. 


the miner not only seriously injured the Camperdown elms but extended its 
ravages to the English, Scotch and American species. From half to two- 
thirds of the leaves on certain English elms in Troy were nearly destroyed by 
this insect, and many others presented a sorry appearance on account of the 
numerous mines.”’ 

In July, 1899, I received from New Brighton, N. Y., ‘‘ blistered ’’ leaves 
from a Camperdown elm, which had been nearly defoliated. Only the dried 
remains of a few larva remained in the ‘' blisters ’’ and it was not until 1901 
that I got living specimens of the depredator. It was then found that a group 
of Scotch elms on the Cornell University campus had been seriously infested 
for several years by a similar insect. The adult insect was not found and 
attempts to breed it in 1903 failed, and it was not until May 27th, 1904, that 
I first saw the adult insect which was then present on the elm leaves in large 
numbers, The pest is evidently the common elm sawfly leaf-miner of Europe, 
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Kaliosysphinga ulmi Sundeval.* I have found the insect working on the 
European elms scattered through the city of Ithaca, and it is apparently on 
the increase. It doubtless occurs in most localities in New York, and perhaps, 
in other States, where European elms are planted. The insect must have 
been in this country at least ten or fifteen years. 

In England and Scotland, this elm pest is common but apparently rarely 
does noticeable injury. It is also widely distributed through Sweden, Germany, 
France and Russia. 

The insect.—The adult insect (Fig. 27) is a small, shining-black sawfly 
measuring about three millimeters in length, with its wings projecting beyond 
the body a little. The wings expand to about eight millimeters across. The 
antennee and femora are black and the remainder of the legs are light brown 
with a blackish tinge. The wings are considerably clearer than those of the 
alder sawfly (Figs.27 and 28). The saw-like ovipositor of the female is shown 
in Fig. 27.f The eggs are stuck into the elm leaves (Fig. 25), and the tiny 
whitish larvae which hatch therefrom begin life at once as miners, finally con- 
suming practically all of the interior tissues of the leaf over an area about 
half an inch in diameter. Full-grown larve measure about seven millimeters 
in length, and several are shown in Fig. 24. I found no striking characters 
for distinguishing them from their near relatives working in alder leaves.t The 
full-grown larvee eat through the epidermal floor or roof of their mines and 
drop to the ground where, about an inch below the surface, they make small, 
thin, elongate, cylindrical, brown, papery cocoons in which they transform 
early in May, through tender, whitish pupz into the black adults or sawflies. 

Food-plants.—In Europe this insect is recorded as feeding on English 


* This species was described in 1847 by Sundeval(Forhandl. red de Skand. Naturforsk. 
Christiania, p. 240, 241). For other European references see Dalla Torre’s Catalogus 
Hymenopterorum, Vol. 1, p. 158, and Cameron’s Mon. British Phyt. Hym., Vol. 1, p. 295. 
This species is easily separated from the others in the same genus by the position of the 
radial cross-vein as given in Konow’s Table on p. 59, and which can be readily seen by 
comparing the wing venation in Figs. 3 and 8. 

t It is an interesting fact that every specimen of over 125 of the sawflies collected one 
day on elm leaves at Ithaca, N. Y. were females. Further collections gave similar results; 
I have seen no males during two seasons’ observations. Cameron says the males are 
‘‘similar, but with thicker and longer antennz, the joints from the fourth being percepti- 
bly thicker than the basal ones.’’ Brischke says (Beob. Arten der Blatt und Holzwespen, 
1883, p. 261, as zztermedia) in his brief account that he knew only the females. 

¢ The very young larve are said (Healy in The Entomologist, for 1896, p. 298) to have 
a large dark spot on the venter of the first thoracic segment, with two small brown dots on 
each side and a small black dot on the venter of the remaining body segments except the 
Jast. But at the first moult these decorative markings are all thrown off. The full-grown 
larva is distinctly segmented and of a whitish color with the green food particles giving it 
a greenish tinge. The much flattened head is light brown with mandibles darker. The six 
true legs are slightly brownish and are little used, the larve moving about in their mines 
with a wriggling motion of the whole body. Rudimentary pro-legs are present on segments 
5 to 12. 
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and Scotch elms. In this country, Dr. Felt reports it on these trees and on 
American elms also. On the Cornell campus there is a case where American 
and Scotch elms grow so near that their branches often mingle, and although 
the sawflies are often seen on the leaves of both trees, yet not a leaf on the 
native trees are ‘‘blistered ’’ by the insect while the foreign trees are badly 
infested. In this locality the American elm seems to be almost entirely exempt 
from the pest. The Camperdown variety of Scotch elms is often infested. 

Work and destructiveness of the insect.—Its work is quite conspicuous, 
as is shown in Fig. 26. Twenty or more of the larve often mine in a single 
elm leaf, and their mines soon coalesce forming a large ‘‘ blister ’’ often involv-° 
ing the whole leaf. Many mines just begun are shown in the leat in lower 
left-hand comer of Fig. 26, and larvee can be seen at work in larger mines in 
the leaf in the right-hand corner of this figure. Oftentimes a mine begun 
near the midrib of the leaf is confined to the area between two large veins 
until it gets nearer the outer edge where it extends under the smaller veins or 
into neighboring mines. The whole interior of the leaf is eaten, leaving only 
the outer epidermis which soon turns brown. The ‘‘ blisters ’’ are nearly as 
conspicuous from the lower as from the upper side of the leaf. The mines of 
its near relative in alder (Fig. 29), scarcely show from the underside of the leaf, 
possibly because the alder leaf seems thicker than the elm. 

In July, after the larve leave the ‘‘ blisters’? on the elm leaves, the 
mined areas bleach out to a dirty whitish color, shrivel and curl. The picture 
of an infested branch in Fig. 26 was taken at this stage. Unless the leaves 
are wholly mined out, most of them remain on the tree a considerable time 
longer, the mines often becoming holes. Infested trees present the worst 
appearance about July rst, or soon after the larve disappear. As many of 
the leaves drop off, as the new growth comes on, and as no other broods of 
the insect appear, the infested trees begin to recover by the end of July, and 
by September rst., trees which were badly infested in July often show but 
little signs of the insect’s work to the casual observer. 

I have seen small trees almost defoliated, and thus stunted and rendered 
unsightly by this sawfly miner, and from one-half to two-thirds of the leaves 
on several large trees on the Cornell Campus have been badly infested for 
several years. These large trees present a very ragged and unsightly appear- 
ance about July rst, but in two months have nearly recovered their beauty. 
The insect is thus capable of defoliating and checking the growth of young 
trees, and of rendering large trees unsightly for a time in midsummer. 

Its life history and habits.—In 1869, Healy recorded (The Entomolo- 
gist, Vol. IV, p. 297) many interesting details of the life of this sawfly, and 
the European literature contains but few additional notes. 

After July 15th, I have not found the insect on the trees again until the 
next May. In July the larvze which mined the leaves go into the ground beneath 
the trees for a short distance, an inch or less. There they make small, thin, 
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brown, elongate, papery cocoons in which they remain as larve for nearly ten 
months, or until late in April. About May rst, they transform through tender 
pale-yellowish pupz, apparently in about a week, into the black adults or sawflies 
which begin to emerge about the middle of May. Many had emerged by 
May roth, in 1905. ; 
On May 27th, 1904, I found hundreds of the flies on the elm leaves. 
About 1:30 P. M. only few of the flies were seen, but at 3:00 p.m. when it 
was more sunny, they were very numerous. The flies are almost invariably 
on the upper surfaces of the leaves and are so ‘‘ tame ’’ that one can often pick 


Fic. 24.—Larve of elm sawfly leafminer, much Fic. 25.— Three eggs of elm sawfly 
enlarged. This figure also serves for the alder leaf-miner stuck in veaf. Much 
sawfly larve as the two species are much alike in enlarged. 
this stage. 


them up with the fingers and easily collect them in cyanide bottles. None 
have been seen mating and I have found no males. When disturbed, they 
fly but a short distance, so that the insect spreads slowly. 

The round, thin-shelled, milky-whitish eggs about .3mm. in diameter are 
stuck into the leaves, often near the midrib, through slits cut with the female’s 
saw-like ovipositor (Fig. 27). The location of the eggs is more readily deter- 
mined from the under side of the leaf where pimple-like elevations of the 
epidermis appear in two or three days over the eggs, as shown in Fig. 25. But 
the eggs are stuck into the leaves from the upper side, as I observed repeatedly, 
the ovipositor evidently reaching nearly to the lower epidermis, It requires 
from forty to sixty seconds to lay an egg. ‘The eggs hatch in about a week. 
Many larvee had begun their mines by May 18th in 1905. Ihave found forty- 


Fic. 27.—Zhe European elm sawfly. The saw-like ovipositor projects from the 
abdomen of the lower sawfly, The flies are shown much enlarged, as they measure 
only 3 millimeters in length. 


Fic. 28.— The European alder sawfly and its eggs 
stuck in leaf (above), both much enlarged; 
the fly measures only 3 millimeters 
in length. 


Fic. 26.— Work of the European elm sawfly leaf-miner. The branch was taken Srom a badly infested tree in mid-summer after the miners 


had left ; it well illustrates the destructive work of the insect (about half natural size). The leaf 


many mines just begun in it, and the leaf in the opposite corner shows nearly full-grown larve at 
slightly reduced.) 


in lower left hand corner shows 
work in their mines (both leaves 


56 BULLETIN 233. 


three unhatched eggs and at least twenty-five mines just begun in a single 
large elm leaf (Fig. 26).* I have not found any characters which will readily 
separate the nearly-grown larva of this elm sawfly from those of the alder saw- 


fly discussed on page 61. . 

On May 27th, 1904, I found on the Scotch elms on the Cornell Campus 
many of the sawflies, many recently laid eggs and many larval mines just 
begun in the leaves. By June rst, some of the larve were nearly grown and 
on July 4th, practically all had left the leaves, no stage of the insect being 
found on the trees. The larvae (Fig. 24) apparently live as miners in the leaves 
for about, three weeks when they moult for the last time, bite through the roof 
or floor of their home and drop to the ground. Burrowing in an inch or less, 
they soon make the thin, brown, papery cocoon in which they remain in hiber- 
nation as larve for about ten months, or until the next May. 

There is thus but one brood of this elm sawfly in a year, its destructive 
period being the month of June, but many of the ‘‘blistered’’ and unsightly 
leaves remain on the trees as mementoes of its work until autumn. Itis a 
fortunate provision of Nature that there is but a single brood of this pest in a 
season, otherwise it would certainly defoliate badly infested elm trees, which 
now have a chance to largely recuperate and regain their beauty before autumn. 
The single-brooded habit of this elm sawfly is in striking contrast to the three 


* The following interesting details of the larval stagesare quoted from Healy’s account 
(The Entomologist, IV, 298). ‘* The larva has a white body, and is in possession of 22 
legs, the first six of which are annulated with dark brown; the claws are also dark brown ; 
the head is tinged with pale brown of a darker tone at the sides, mouth reddish brown, eye- 
spots brown, and its dorsal vessel is dull green; the under side of the second segment has 
a dark, oblong-shaped plate down its centre, and on either side of this there are two brownish 
dots; on running our eyes down the remaining segments we observe that, excepting the 
anal segment, all are furnished with a small black-colored dot; the fifth segment has no 
organs of progression. At the first moult the decorative markings of the larva are all 
thrown off, and if at that time we closely inspect the under surface of the body we perceive 
a slight remnant or pigmentary deposit on the segments situated as the exact spots where 
the black ventral dots were located previous to the moult; these dusky marks, however, 
soon fade away, and leave the segments entirely spotless ; the head and eyes slowly resume 
their original color, and the six thoraic legs regain their annulations; When full-fed it 
ceases to feed, and lies in its mine in a state of repose, and throws off its skin for the last 
time; by and by a faint yellowish tinge spreads itself over the body of the larva. At the 
appointed time the larva liberates itself from its mine by biting a hole init. At the last 
moult the brown-colored bands on its six anterior organs of locomotion are thrown off 
entirely. Escaping from its mined abode, the little creature drops to the ground, and now, 
every time it is touched, it instantly partially curls its body up, remaining in that position 
only for a moment or two.”’ 

+ Healy states (The Entomologist, IV, 298) that in England there is only one brood dur- 
ing the season, and that by the end of June they are all under ground. Cameron states, 
however, that he has captured the flies in August in England (Mon. British Phpt. Hym. 1, 
p. 296), and intimates that there is probably an autumnal as well as a spring brood, but 
Cameron’s experience must be very exceptional. 
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or more broods of its very near relative, the alder sawfly miner, discussed on 
page 58, which continues to work in the alder leaves from May until October. 

Remedial suggestions.—The suggestions given on page 62 for con- 
troling the closely allied alder sawfly will also apply to this elm sawfly miner. 

Last autumn a treatment that doubtless materially reduced the numbers 
of these sawflies was unwittingly applied to some of the worst infested elm trees 
on the Cornell Campus. In grading, several inches of new soil was spread over 
the ground beneath the infested trees. Apparently many of the little sawflies 
failed to emerge through this layer of soil in the spring. As practically all of 
the sawflies transform within an inch of the surface immediately beneath the 
infested trees, it would be practicable in some cases to apply a layer of soil 
several inches thick under the trees in autumn and remove it about June 1st, 
or after the time for emergence of the sawflies. Whenever practicable, how- | 
ever, [ would advise the removal or spading under and packing down of the 
sod from beneath the trees as described on page 62, for I think this method is 
more effectual. 

Last spring other peculiar conditions occurred in the clump of badly 
infested European elms on the University Campus. It was the fruiting season 
for several of the trees and they bloomed and fruited profusely. This process 
delayed the appearance of the [leaves until after most of the sawflies had 
emerged and laid their eggs, which they were thus forced to do in the leaves 
of the few non-fruiting trees. Had many of the worst infested branches on 
the larger trees and the smaller crowded and stunted trees been removed early 
in June, and their hordes of sawfly larvee left to dry up and die in the leaves, 
the infestation could have been still further checked, but it was delayed and 
finally neverdone. Whenever practicable and advisable, this pruning of infested 
branches early in June should be done, as it will materially aid in controlling 
the pest. As a result of the earth-mulch or earth-smothering treatment and 
the delay in appearance of the foliage due to the fruiting of several of the 
trees, the infestation in 1905 was concentrated on fewer trees and was not so 
severe as during the previous year. 


Il. AEUROPEAN ALDER SAWFLY LEAF-MINER 


Kaliosysphinga dohrnii Tischbein 


The European alder (Anus glutinosa) and its cut-leaved varieties are 
often planted as ornamental trees in America where they have become 
naturalized in some localities. In Europe the leaves of this alder are preyed 
upon by several insects, and at least one of these enemies has been injuring 
these trees in America for several years. 

In June, 1891, a nurseryman at Newark, N. Y. sent me several leaves of 
European alder with large brown patches or ‘‘ blisters ’’ on the upper side, as 
shown in Fig. 29. I soon found that a large tree on the Cornell University 


Fic. 29.— Work of the European alder sawfly leaf-miner. Several larve lived in 
the brown blisters or mines. Nearly natural size. 


Campus, and one tree of the cut-leaved variety near the Campus also bore 
‘many of these ‘‘blistered’’ leaves. There were several small larvee living in 
each large ‘‘ blister ’’ which they had caused by mining in the leaf just under 
the upper epidermis. The half dozen European alders planted on the Campus 
in later years were soon infested by the insects, and during the past season 
many of the leaves on these trees were so badly ‘‘ blistered ’’ that the ground 
beneath was strewn with the brown, dead leaves, and the trees presented a 
very ragged appearance from July till autumn. Thus the insect is capable of 
seriously injuring these desirable ornamental trees. A study of the life and 
habits of this alder pest was begun in 1891, but was interrupted for several 
years, and finally completed during the past year. 

The insect.—Within the brown mines or ‘‘ blisters’? on the leaves may 
be found in summer from one to a dozen or more slender, whitish larve or 


' Two New SuHape-TrEE PEsts, 59 
e 

‘«worms”’ (Fig. 24.), varying from 2 to 7 or 8 millimeters in length. When 
full grown, these larvee leave their mines and drop to the ground. An inch or 
less below the surface of the soil they make a small, thin, brown, papery 
cocoon to which particles of soil adhere. In this cocoon the insect trans- 
forms through a tender, white pupa into the small, black four-winged sawfly 
shown much enlarged in Fig. 28. In this adult form the insect’s body and head 
are shining black, and measure about 3 millimeters in length ; when the wings 
are folded they extend about a millimeter beyond the tip of the abdomen. 
When expanded, the front wings measure about 8 millimeters across. The 
antennae and femora are black and the tibiae and tarsi are light brownish with 
blackish tinge, especially on the hind legs. The wings are quite dusky, con- 
siderably more so than those of the elm species herein described. These two 
species are easily distinguished by the position of the radial cross-vein (com- 
pare Figs. 27 and 28) as indicated in the table* for separating the species of this 
genus of sawflies. "The females are provided with a saw-like ovipositor, as 
shown in Fig. 3, with which their eggs are laid in the leaves. 


* The following table for separating the species of the genus Kaliosysphinga is given 
by Konow, the European expert in this group of insects (Wien. Ent. Zeitung, Vol. V, 


p. 269, 1886): 
A. The radial cross-vein meets the second cubital cell just before the second cubital 
cross-vein —1. ulmi Sundeval (= intermedia Thoms). 


AA. The radial cross-vein lies behind the second cubital cross-vein. 

B. Third antennal joint twice as long as the fourth which is distinctly shorter and 

thinner than the second —2. pumila Kig. 

BB. Third antennal joint only about a half longer than the fourth. 

C. Fourth antennal joint scarcely longer and a little thinner than the second, 
the third a good half longer than the fourth; wings clear — 3. dohkrnizi Tischb. 
CC. Fourth antennal joint plainly longer and thicker than the second, the 

third scarcely a half longer than the fourth; wings very dark 
—4. melanopoda Cam. (= nigricans Thoms). 

In a foot-note Konow says: ‘‘ Dokrnii is very nearly related to melanopoda and only by 
a close observation‘of the characters given can it be separated; moreover, it is always 
somewhat smaller, hardly 3 mm. long while me/anopfoda is somewhat longer.” 

But in his description of me/anopoda and in his table for separating it from its allies 
(Mon. of British Phyt. Hym., Vol. 1, p. 292, 1882) Cameron states that the third anten- 
nal joint is ‘‘more than double the length of the fourth ” which would put it in B instead 
of BB in Konow’s table. Cameron mentions dohrni only in a foot-note (1. c. p. 291) say- 
ing that the description of it so far as it goes, agrees with either pumila or melanopoda. 

The sawflies I bred on European alder in 1891 were determined by Konow (in 1896) 
as Kaliosysphinga dohrnii Tischbein (Stettin. Ent. Zeit., V1l., 1846, p. 80). What is pro- 
bably the same insect has been recorded several times in American literature under the 
names melanopoda Cameron (Can. Ent. XXIII, p. 252) and varipes St. Fargeau (Can. 
Ent., XXV, 59 and 247; Fletcher’s Rept. for 1892, p. 147). According to Dalla Torre’s 
Catalogue (1894) pp. 122 and 287, Lepeletier (Count of St. Fargeau) described two sawflies 
as varifes, now placed in the genera Amphytus and Priophorus. One of these is considered 
a variety of Z. #5ca/is and the other an aberration of P. sadz7. As neither of these species 
work on alder, it is at least very doubtful if Harrington was correct in designating the 
species injuring alder in Canada as Fenusa varipes St. Fargeau (me/anopoda Cameron). 
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Historical Notes.—This insect was first described in Germany in 1846, 
but it is apparently not a pest and has attracted very little attention in Europe.* 
Just when this sawfly miner was introduced into America is not known; but it 
was doubtless at least twenty years ago. For I found it in injurious numbers 
at Newark and Ithaca in New York in 1891, and the same year, Dr. James 
Fletcher, the Canadian entomologist, reported a serious outbreak of what was 
probably the same insect, which ‘‘for three years had entirely spoilt the 
appearance of the European alders upon the grounds of the Experimental 
Farm at Ottawa’ (Can. Ent., XXIII, 252). The insect was also reported 
as working on native alders in a swamp néar this Experimental Farm in 1893 
(Can. Ent., XXV, 59, by Harrington); and the same year an American alder, 
Alnus rugosa (serrulata), at Woods’ Hall, Mass., suffered seriously from this 
this pest (Can. Ent., Sey 247 by Dyar). I have found no other references 
to such an alder enemy in American literature. If it is the same species, 
which is quite probable, that has beer working on both European and native 
alders in such widely separated localities from Massachusetts through New 
York into Canada for ten years or more, doubtless it is now widely distributed 
over this country. In Europe it is recorded as working on Alnus g/utinosa 
and zzcana ; the former species in its many varieties is now widely planted in 
America, and incana ‘is the common native alder along our northern streams. 

‘Its work.—The work of this alder sawfly is conspicuous and easily recog- 
nized. It is well shown. in Fig. 29. Small brown spots first appear on the 
upper sides of the leaves where a single larva has begun its mine. As the 
larvee feed and grow, the brown ‘‘ blisters ’’ increasé in size and often several 
of them join and form one large ‘blister’? which may involve nearly the 
whole leaf and contain 15 or 20 larve. The mines are just beneath the 
upper surface of the leaf which is thick enough so that the work of the insect 
scarcely shows on the undersides of the leaves. 

Throughout the season, the infestation begins on the newest or youngest 
leaves. Badly infested or ‘‘ blistered ’’ leaves die and drop off, thus spoiling 
the ornamental effect of the trees, and checking their growth. 

The life-history and habits of the insect.—As late as October a few of 
the larvae were making their characteristic mines and brown ‘‘ blisters ’’ on the 


leaves of the trees on the Cornell Campus. The winter is passed as larvee 


tucked away in their little, brown, elliptical, papery cocoons mostly about half 
an inch below the surface of the soil beneath the infested trees. In May these 
hibernated larve transform, in about a week, through tender, pale yellowish 
pupe with brownish-black eyes into the shining black adult insects or sawflies. 
The adults usually begin to emerge by May rsth, and begin laying eggs at 
once. On June 8th in 1904, I found many of them busy laying eggs in the 


* Apparently the only account in Europe of its life and habits is a paragraph by Brischke 
in 1883. (Beobach. Arten der Blattund Holzwespen, 2nd Abth., 261 as Fenusa pumila) in 
which the life and habits in late summer are briefly described. 
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younger leaves, and a few larvee had already nearly completed their mines. I 
have never seen the flies mating, and have found no males. Thus the insect 
seems to breed parthenogenetically. A small, thrifty tree which was putting 
out much new growth in 1904, was severely attacked in June while older trees 
nearby suffered but little, until about a month later, 

The egg is about .3 mm. in diameter, round, thin-shelled and of a deli- 
cate milky-white appearance. The female sawfly saws a slit in the leaf from 
the upper surface and tucks her egg in just under the upper epidermis of the 
leaf. Most of the eggs are laid in the central portion of the younger leaves 
between the larger veins. It requires about a minute to lay an egg. Over 
the egg the surface of the leaf is slightly elevated and: turns yellowish, thus 
enabling one to easily locate the egg (Fig. 28); this is more distinctly seen 
from the upper surface of the leaf.. Evidently the eggs hatch in a few days 
and the little larvae begin their life'as miners. 

The greenish-white, slightly flattened, distinctly segmented larvae with 
light brownish heads and short apparently useless legs are shown much 
enlarged in Fig. 24. The duration of the larval period I have not determined, 
but it is probably about three weeks.* -One larva mines over an elongate 
area, about the size of.a one cent coin, which is often bounded by two large 
veins for some distance before it merges into a neighbor’s mine (Fig. 29). 
Frequently the rusty brown ‘‘ blisters ’’ or mines of ten to twenty larve coalesce 
and involve nearly the whole leaf, which soon dies. The excrement and 
cast skins of the larva are left within the mines. When full grown the larvae 
burst through the upper epidermis of the leaf or the roof of their home, and 
fall to the grdund into which they work themselves for a short distance, usually 
about half an inch, sometimes an inch, and there make their thin, brown 
papery cocoons. In summer they scon transform in these cocoons, probably 
in a week or two, into the black sawflies. 

Eggs are soon laid and another brood of larve begin their destructive 
work of ‘‘ blistering ’’ the leaves. I have not been able to determine definitely 
the number of broods of this sawfly which develop during the growing season, 
as the broods overlap, but there are at least two or three broods, perhaps more. 
Beginning in May, their work continues throughout the summer until October 
in this latitude. After about June rst, I have found the insect in all stages 
on or under the infested trees almost any day until September. This is in 


* Dyar has described in detail six larval stages (Can. Ent., XXV, 247). In the fifth 
or last feeding stage, the larva is translucent whitish with a greenish tinge from the food, 
and it measures 6 to 7mm. The head is much flattened and of a light brown color with 
the mandibles and ocelli darker. The true legs, the ventral surface of the first thoraic seg- 
ment, small spots on the venter of the other thoraic segments, and the cervical shield are 
brownish. The abdominal legs are rudimentary and present on joints 5 to 12. No tuber- 
cles or setz are distinguishable. I have found no striking differences between these larve 
and those of the European elm sawfly leaf-miner, Kaliosysphinga dohrnit, therefore Fig. 6 
may represent both species, 
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striking contrast to the well defined, one-brooded life of its near relative, the 
elm sawfly, herein discussed. 

The insect hibernates as a larva in the soil near the surface in its brown, 
papery cocoon, the transformation to the pupa occurring in May. Thirty-one 
cocoons were found in an area of only four square inches under a small tree 
last May. 

Remedial suggestions.—During the past season I have tested a simple, 
practicable, and effective method for controlling this insect. Finding that it 
hibernates within an inch from the surface of the soil, I buried several cocoons 
at depths of 2, 4 and 6 inches. But very few of the flies emerged from any 
of the buried cocoons. A thin layer of the sod beneath the infested trees 
was at once removed and should have been carried away promptly, but it was 
delayed until many of the fliesemerged. Thus the infestation was not checked 
so completely as it should have been, but the trees are not nearly so badly 
injured this year as in 1904. 

By promptly removing about one or two inches of the sod or soil from 
beneath trees infested by the insect about May rst, and carrying it to a con- 
siderable distance or burying it, this insect can be easily and effectively con- 
trolled. By thus preventing the emergence of the spring brood of sawflies, 
the development of succeeding broods is stopped. In many cases, it would 
doubtless be practicable to simply spade under the sod to a depth of six oreight 
inches, and pack it down.hard. Care should be taken to remove the sod over 
an area extending a foot or two beyond the circle bounding the points to which 
the longest limbs reach. Thorough and prompt burying of the cocoons u 
this manner about May rst, will control this sawfly miner and preserve the 
beauty of this desirable European tree. 
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The Elm Leaf Beetle. 


BY 


W. E. BRITTON, 


State Entomologist. . 


Twelve years ago an account of this insect was published 
by this Station in Bulletin No. 121, which has for some time 
been out of print. Since then only a few scattered notes have 
appeared in the bulletins and reports. The object of the pres- 
ent paper is to place in the hands of the people of Connecticut 
a fairly complete and comprehensive account of the elm leaf 
beetle with up-to-date remedies and methods of treatment. 
There is a constant demand for such information from public 
school teachers, members of village improvement societies, and 
men employed in the street and park departments of our cities 
and towns, as well as from private individuals who desire to 
give the best care to trees on their home grounds. 


HISTORY AND DISTRIBUTION IN AMERICA. 


The elm leaf beetle was introduced into this country probably 
more than seventy years ago. In its native country, Europe. 
where it had long been known, it had from time to time caused 
serious injury in Italy, Austria, and the southern portions of 
France and Germany. In Northern Europe the insect occurs 
sparingly, but can hardly be called a pest. Harris states* that 
the elm leaf beetle attacked and seriously injured the elm trees 
of Baltimore, Md. in 1838 and 1839. The beetle seemed to 
spread chiefly northward, though slowly, until Southern New 
England was reached in the early nineties, and much damage 
done. In the coast towns of Connecticut many fine old elms, 
including some historic trees, were killed by its depredations. 


*Insects Injurious to Vegetation, page 124. 
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Stamford, Norwalk, Bridgeport, Stratford, Milford and New 
Haven especially lost many noble trees. Later the inland cities 
were invaded, and the elm trees ravaged. In New Haven the 
pest was perhaps at its worst in 1895 and 1896. In 1896 many 
of the trees on the older streets about the center of the city were 
sprayed with poison by the street department. The following 
season the pest was less serious, and continued to subside until 
1901, when it was again comparatively destructive. From 


Fic. 1—Elm leaves showing larvae and the damage which they do 
by feeding on the under surface, natural size. 


1902 it diminished in abundance until 1906, when considerable 
damage was done to the trees. 

So far as is known the distribution of this insect in America 
is confined chiefly to the lower altitudes of Southern New Eng- 
land and the Alleghanian region. From Charlotte, N. CG, 
its southern limit, the elm leaf beetle now extends as far north 
as North Conway, New Hampshire. Up to this time, however, 
the beetle has done no particular damage in New Hampshire. 
Regions generally infested include the whole of Massachusetts, 
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Rhode Island, Connecticut, southeastern New York, New 
Jersey, eastern Pennsylvania, Delaware, Maryland and a por- 
tion of Kentucky, though isolated outbreaks have occurred in 
western New York, Pennsylvania, West Virginia, Ohio and 
North Carolina. It is of course found in Virginia, Vermont, 
New Hampshire, and probably in Maine. Kentucky, therefore, 
contains the western limit of the distribution of this insect, 
though we may expect that soon adjoining states may become 
infested. The insect exhibits a marked tendency to spread 
farther along river valleys than over mountains, and is dis- 
tinctly a pest of city and village trees rather than of trees in the 
open fields and roadsides of the country. : 


Fic. 2—Cluster of eggs, greatly enlarged. 


LIFE HISTORY AND HABITS. 


The overwintering beetles come out of their winter quarters 
during the warm days of early spring, mate, and as soon as 
the leaves unfold they begin to eat small round or oval-shaped 
holes through them. Many leaves are thus riddled as though 
shot had been sent through them, and appear like the illustra- 
tion on the front page of this bulletin. 

During the latter part of May and early in June the females 
deposit small clusters of yellow eggs on the under sides of the 
leaves. The period of ovipositing extends over about four 
weeks, and each female may lay five or six hundred eggs. In 
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about a week the eggs hatch and the young larvae or grubs 
feed upon the under surface of the leaves, eating off the green 
tissue between the veins and leaving the veins and the upper 
epidermis, as is shown in Fig. 1. 

In about three weeks the larvae or grubs are fully grown, 
and crawl down the trunks of the trees or drop from the ends 
of the branches to the ground and transform to the naked pupa 
stage. The great proportion of the pupae are found close 
around the base of the tree or lodged in the crevices of the 
rough bark of the trunk and larger branches. Except for being 


Fic. 3.—Larvae and pupae, twice natural size. 


in crevices, they are unprotected. The writer has seen trees in 
New Haven where it would be possible to gather several quarts 
of these pupae at the base of a.single tree. 

The pupa stage lasts about ten days, then the adult beetles 
appear, and lay eggs for the second generation, which. seldom 
does much harm in Connecticut. Those emerging late prob- 
ably do not lay eggs for a second brood, but may be seen crawl- 
ing and flying about for a time, feeding more or less, but 
early going into winter quarters, usually in church belfries, 
attics of houses, barns, sheds or other out-buildings. They 
also pass the winter in cracks of fences, telephone poles, or 
under the edges of the loose bark of the trees. In some of the 
cities worst infested the adults sometimes gather in church bel- 
fries in such numbers that they can be swept up by the half 
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bushel. The.elm leaf beetle often occurs with the two-spotted 
lady beetle in dwellings, simply because they both seek the same 
kind of a place for hibernation. Correspondents frequently send 
both species to the writer and desire to know if they are not 
in some way responsible for the injuries to their carpets. There 
is, of course, no relationship or similarity in food habits of the 
three species. The lady beetle is predatory, and in the larval 
stage destroys numbers of plant lice, and therefore should 
never be destroyed. The elm leaf beetles should, of course, be 
killed wherever they are found. 


DESCRIPTION. 


The eggs are bright yellow in color, bottle-shaped, and 
resemble the eggs of the Colorado potato beetle, but are smaller. 
They are fastened vertically to the under side of the leaf in 
clusters of from five to twenty-five arranged in two or three 
irregular rows. 

When first hatched, the /arva is dark or nearly black, covered 
with tubercles bearing black hairs. As the larva increases in 
size it molts several times and on becoming full-grown is about 
one-half inch long, dull yellow in color, with a pair of longi- 
tudinal black stripes along the back. Head, legs, lateral tuber- 
cles and two rows of small tubercles between the dorsal stripes 
are black. The tubercles also bear black hairs. 

The pupa is about one-fourth inch in length and bright 
orange yellow in color, with black hairs or spines. It is not 
enclosed in an earthen shell to protect it, but is found at the 
base of the tree perfectly naked and wholly unprotected. 

The adult beetle is light yel- 
low in color when it first 
emerges, but soon takes on a 
duller hue, and finally becomes 
a dull olive green. An indis- 
tinct black stripe extends from 
the base to the extremity of 

Fic. 4.—Adult beetles, twice each wing cover just inside of 
natural size. the margin. Small black spots 
or markings on the pronotum of the thorax vary greatly in size 
and shape. Legs and antennae are yellow. 
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EFFECT UPON THE TREES. 


It has previously been mentioned that the adult beetles do 
more or less feeding, always eating holes entirely through the 
leaves, as is shown on cover of this bulletin. This of course 
injures the tree, but is much less serious than the damage 
caused by the larvae, which eat away the under surface of the 
leaves. The larvae are always more abundant than the adult 
beetles, and are more voracious in their feeding habits. The 
worst infested trees usually drop their leaves in Connecticut 
about the middle of July. If this happens, and is followed by 
a rainy season, new leaves will be put out, but in a season ofa 
protracted drought the trees may fail to put forth new leaves. 
In either case the tree is undoubtedly weakened, and often seri- 
ously so. Sometimes the second crop of leaves is devoured by the 
second generation of beetles, but in Connecticut the white fungus 
mentioned in another part of this bulletin is apt to serve as an 
important check to the beetle in a wet season. Two complete 
defoliations, one succeeding the other, usually kill a tree. 
Usually, however, the defoliation is not quite complete, and the 
trees continue to exist in a greatly weakened and devitalized 
condition. In the cities and larger towns, on account of further 
injuries* by horses, by leaky gas pipes in the ground, and pave- 
ments which cut off the supply of moisture, many trees have 
died. In 1901 the writer was called to Norwich, where nearly 
every elm had died for a distance of about one and one-half 
miles on a prominent residential street. These trees had been 
weakened by the constant attacks of the beetle year after year, 
and a leaky gas main finally destroyed what little vitality 
remained. Most of the maple trees along the street ‘survived. 

In many cases young or newly planted trees seem to be 
especially subject to attack, and therefore should receive extra 
attention. 


FOOD PLANTS. 


Elms constitute the only food plants known for this insect, 
and the European species suffer more than the American ones. 
The English elm (Ulmus campestris) and its weeping variety 


*For a discussion of these injuries the reader should consult Bulletin 
131 of this Station. G 
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known as the Camperdown elm are favorites of the beetle. The 
writer has seen these trees entirely defoliated in New Haven 
when the common white, or American elms, were uninjured. 
The American elm is, however, the next choice, followed by the 
Scotch elm (U. montana), and though no variety is wholly 
exempt from attack, the winged elm (U. alata), the slippery 
elm (U. fulva), the cork elm (U. suberosa) and the rock elm 
(U. racemosa) are much less frequently attacked. 


NUMBER OF GENERATIONS. 


According to Burgess,* “in New Jersey, Professor J. B. 
Smith has recorded only a single brood and sometimes a partial 
second brood, while in the latitude of Washington, D. C., 
according to the observations of Messrs. Riley, Howard and 
Marlatt, of the Division of Entomology, two annual broods and 
sometimes a partial third brood have been found.” 

Dr. E. P. Felt, State entomologist, of Albany, N. Y., findst 
two well marked broods and a partial third brood at Albany 
and Troy, N. Y. ; 

The writer has not followed out this matter carefully in 
Connecticut, but all stages are found on the trees during the 
first half of September, so presumably there are at least two 
broods, but the egg-laying period of the adults is so prolonged 
that the lines of demarcation are nearly obliterated. In Con- 
necticut the leaves of the trees severely attacked by the first 
brood generally turn brown and drop about the middle of July, 
when the larvae are descending the trees to pupate. 


NATURAL ENEMIES. 


One of the most important natural enemies of the elm leaf 
beetle in Connecticut is a fungus known to botanists as Sporo- 
trichum globuliferum Speg. (S. entomophilum Peck), which 
attacks the pupae and adults in late summer, especially in a 
moist season. In 1902 this fungus was prevalent, and the fol- 
lowing season the elm leaf beetle did little damage to the trees. 
In 1906 the beetles were abundant, but as the month of July was 


* Bulletin No. 4, page 17, Ohio Dept. of Agriculture, Div. of Nursery 
and Orchard Inspection. 1905. 
+ Bulletin No. 57, N. Y. State Museum, p.’ 14, 1902. 


~ 
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wet, the fungus developed and killed a great many beetles. 
Beetles attacked by this fungus are covered with white mold, 
as shown in Fig. 5. 

Predatory bugs of at least three species of the genus Podisus 
feed upon the larvae and pupae, and Riley* records three 
species of beetles that also devour full-grown larvae and pupae. 
The praying mantis (Stagmomantis carolina Linn.) is also an 
enemy of the elm leaf beetle in the southern portion of its 
range. , 


Fic. 5.—Pupae and adults killed by fungus. Healthy specimens at 
the left, natural size. 


REMEDIES. 


Spraying with poison. Covering the foliage with some 
arsenical poison is the only sure means of preventing injury to 
the trees, and for this purpose arsenate of lead is unquestionably 
the most satisfactory of these poisons. It remains better in 
suspension and adheres to the foliage longer than Paris green 
or London purple, and is less liable to injure it. As there are 
now several brands of good arsenate of lead on the market, it 


* Div. of Entomology, U. S: Dept. of Agriculture, Bulletins No. 6, p. 
10 and No. Io, p. 13. 
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will no longer pay to make it up each time from lead acetate 
and arsenate of soda. The arsenate of lead made by the Merri- 
mac Chemical Co., Boston, Mass.; Schoonmaker & Son, Cedar 
Hill-on-Hudson, N. Y., and the Bowker Insecticide Co., Boston, 
Mass., (Disparene) have all been used in our tests and have 
given satisfaction. Arsenate of lead should be used in the 
following proportions :— 


Arsenate of lead ................. 3-5 lbs. 


Formul 
cian ee ux gues 4 oe ER eee eed ee 50 gals. 


There are two methods of spraying elms: (1) To spray as 
soon as the leaves unfold, the treatment being aimed especially 
at the parent beetles, and to forestall all injury. As growth 
takes place, new leaves are constantly appearing, and these will 
not carry poison unless the application is from time to time 
repeated. This should be done often enough to ‘keep 
the foliage well coated with poison until July ist, when growth 
usually ceases, and both sides of the leaves should be coated. 

(2) The other method is to spray the under sides of the 
leaves very thoroughly about June Ist, or soon after the eggs 
begin to hatch. This treatment is aimed at the larvae, and 
sometimes a single spraying is sufficient, as the poison will 
remain throughout the season. By it the great bulk of damage 
will be prevented, but the leaves will show the small holes made 
by the parent beetles before the poison was applied. 

If arsenate of lead cannot be procured and it seems desirable 
to use other poisons, Paris green can be substituted. 

This should be used at the following rate: 


ea Greehivenaceusmcst hese g aed t lb. 
Formula Fresh lime.............. 0.000000 3 lbs. 
Wratef cn vex nae sr ohiaa es cede dal 50 gals 


Paris green is quicker in its action upon the insects than 
arsenate of lead, but will not remain as long upon the trees. 
Unless the lime is added, there is danger of “burning” the 
leaves. Lime is not needed with arsenate of lead. 

The cost of spraying elm trees will vary from ten cents 
each in case of small trees to five dollars or more for the largest 
trees, according to the price of labor and the efficiency of the 
outfit. 
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Destroying the pupae. If the trees have not been protected 
by spraying, and have been attacked and injured by a horde 
of beetles and their larvae, it is always advisable to destroy the 
insects in the pupa stage at the base of the trees, in order to 
reduce the crop for next year as much as possible. These can 
often be swept up in large quantites; they can be killed by 
sprinkling them with hot water; but best of all is to spray the 
ground not only close to the tree but as far away as the branches 
reach, and also spray the bark of the trunk and large branches, 
with kerosene emulsion or some other contact insecticide. The 
pupae are easy to kill, but as they remain in the pupa stage only 
about ten days, it is essential that this work be done at the right 
time, and it is only when we observe that most of the larvae 
descending the trunk have transformed to bright yellow pupae 
that we can know when is the proper time to act. ‘ 

Destroying the adult beetles. The beetles should of course 
be destroyed in attics, belfries and other places where they 
hibernate. This can best be done by sweeping them up before 
they become very active in spring and dropping them into the 
fire, hot water or kerosene to kill them. 


OUTFIT FOR SPRAYING ELM TREES. 


The barrel hand-power pump can be used for spraying small 
trees or for a limited number of large trees, but if one expects 
to make a business of spraying street trees, it will pay to pro- 
cure a power sprayer; this may be a steam or gasoline engine 
with pump, or what is perhaps better, the “Niagara Gas 
Sprayer,” which utilizes cylinders of carbonic acid gas to 
furnish pressure, thus doing away with a pump. Each large 
village and city should have at least one power sprayer that can 
be put to immediate use for spraying street or park trees. 
Strong one-half inch hose should be provided in long lines of 
from fifty to two hundred feet, and from four to six of these 
can be attached to each power sprayer. Even a larger number 
might be attached, but while in operation some workmen would 
be in the way of others, so that nothing would be gained. Mr. 
H. L. Frost of Boston, who is in the spraying business, 
informed the writer that four lines of hose is about the most 
economical number for each outfit. Each hose is furnished 
with an extension rod with closing valve at the lower end 
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and a cluster of nozzles at the upper end. These rods should 
be of different lengths, from four to twelve or fourteen feet for 
the different kinds of work. Any of the standard nozzles such 
as ‘“Vermorel,’ “Mistry,” or “Spraymotor”’ will be found 
satisfactory, and if several are used together in a cluster one 
is able to cover more leaf surface in a given time. 

For getting about in tall trees it will be necessary for the men 
to be provided with climbing irons and extension ladders. 


SUMMARY. 


The elm leaf beetle was introduced into this country from 
Europe about seventy years ago, and caused serious injury to 
trees at Baltimore, Md., in 1838 and 1839. From this point it 
spread slowly, chiefly to the northward, reaching Connecticut 
in the early nineties, and injuring and killing many fine old trees 
in the coast towns. Later, inland towns were attacked, and the 
trees ravaged. The insect is now found from Charlotte, N. C., 
as far north as North Conway, N. H., and as far west as central 
Kentucky, but has not proven destructive to elm trees north 
of Massachusetts. It is preéminently a pest of shade trees in 
cities and towns, and seldom injures trees in the open fields. 

_Since 1896 the attacks have diminished, but the pest was again 
serious in 1906. 

The winter is passed by the adult beetles in attics, belfries 
and cracks in fences, and they come forth in April, and later 
feed and lay their yellow eggs upon the unfolding leaves. 
Beetles eat holes through the leaves, eggs hatch in a week, and 
the larvae eat off the green tissue from the under surface, caus- 
ing the leaves to turn brown and fall about the middle of July, 
at which time the larvae are about full grown. Then they 
descend to the base of the tree and transform to naked pupae; 
ten days later the adult beetles emerge and lay eggs for the 
second brood or go early into winter quarters. 

Two complete defoliations in succession will kill a tree. 


How to Fight the Elm Leaf Beetle. 


(1) Search all attics, church belfries and cupolas for the 
dormant beetles in winter and early spring. Sweep them up 
and burn them. 
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(2) Spray the leaves with poison as soon as they have 
opened, if their shot-hole appearance shows that the beetles are 
there in abundance, and the under sides of the leaves should be 
coated about June Ist to destroy the larvae or grubs. 

(3) When, later in the season, the yellow pupae appear on 
the trunks of trees and the ground beneath, kill them with a 
spray of kerosene emulsion or by sweeping them up and burn- 
ing or soaking with kerosene. 

The first and third measures should be taken by each house- 
holder, church or social organization, at individual expense. 
The spraying, which is difficult and expensive if the trees are 
large, can only be done by concerted action of the town or 
borough authorities. For extensive spraying work power 
sprayers are desirable, but small elms or a few large trees can 
be treated successfully by means of a hand pump of barrel size. 
The “Niagara gas sprayer” in operation is shown in Fig. 6. 
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DIVISION OF ENTOMOLOGY. 


H. T. FERNALD. 


THE IMPORTED ELM LEAF-BEETLE. 


Galerucella luteola Mull. 


During the present summer much injury to the elms in this State 
has been caused by the Imported Elm Leaf-Beetle, and as it is to 
these trees that Massachusetts owes much of its beauty, many 
inquiries have been received as to the life history of this insect and 
the treatment necessary for its control. 5 


HISTORY. 


This insect is a native of Southern Europe though sometimes 
found as far north as England and Sweden. It appears to have 
reached this country at Baltimore, about 1835, since which time it 
has slowly spread in all directions, though checked in its westward 
progress by the Appalachian ranges. It probably reached south- 
western Massachusetts in 1892 or 1893 as it was found in Amherst 
in 1895. Since then it has gradually spread until it has become 
abundant over the entire State. 


LIFE HISTORY. 


The elm leaf-beetle passes the winter as the adult beetle (Fig 1, 
cand #), hiding wherever it can find protection. House attics, 
unused chimneys, church towers, barns and other places easy of 
access appear in this locality to be preferred to cracks in fences, 
crevices in the bark of trees, etc., for the purpose. 

In the spring the beetles leave their hiding places about the time 
the leaf buds open, and after mating, feed upon the tender leaves, 
making irregular holes. When the leaves become full grown egg 
laying begins, each female depositing from 400 to 600 eggs. These 
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are yellow and are placed on the lower side of the leaves, usually in 
about two irregular rows close together, and from five to twenty-six 
in number. After depositing a cluster the adult beetle feeds for a 
longer or shorter time before again depositing, and in this way the 
period of egg laying is not only extended over a considerable time, 
but the injury caused by the beetle feeding is correspondingly 
increased. 

The eggs (Fig. 1, a and ¢) are oval in form, attached by one end, 
and somewhat pointed at the tip. They hatch in less than a week 
after they are laid, and as egg laying continues for quite a period, 
eggs and young more than half grown, may often be found on the 
same tree. : 

The young larvae or grubs (Fig. 1, J, g,) feed on the under sur- 
faces of the leaves leaving the upper surfaces and veins entire, thus 
skeletonizing the leaf. They complete their growth in from fifteen 
to twenty days at which time they are about a third of an inch in 
length, with a black head and a yellowish body with a black stripe 
extending on each side of the middle line of the body, from the head 
to the posterior end where the stripes unite. The larvae now stop 
feeding and crawl down the trunk until some crevice is found in 
which the next stage may be passed, or continue to the ground at 
the foot of the tree. In some cases they drop from the limbs instead 
of passing down the trunk. As soon as a satisfactory spot has been 
found, the grub changes to a pupa (Fig. 1, 7) and in this condition 
remains quiet for a week or ten days, after which the adult beetle 
escapes from the pupa, to lay eggs for a second brood, the history 
of which is the same as that of the first brood, just described, except 
that the adults of the second brood hide during the winter and lay 
their eggs the following spring. 

During the present year egg clusters were abundant by the fifteenth 
of June and most of the grubs had completed their feeding and had 
begun to crawl down the tree by the twelfth of July, though two 
weeks later a few belated individuals were still making their way 
downward, while beetles to lay eggs for the second brood were begin- 
ning to appear, coming from the grubs which were first to pupate. 

The adult beetle (Fig. 1, 4) is rather more than a quarter of an 
inch long, greenish or sometimes reddish yellow in color, with two 
black eyes and a black spot between them, on the head, three black 


5 


spots on the thorax, and a broad blackish stripe along the back on 
each side. Between these stripes the yellow ground color is divided 
by a very narrow black line which runs along the middle of the back 
where the wing covers meet. At the front end of the two strips of 
yellow on the back is a black spot. Altogether the beetle somewhat 
resembles a large Striped Cucumber Beetle. 


FIG. I.—-THE ELM LEAF-BEETLE: @, eggs; 4, larvae; c, adult; e, eggs; g, larva; 7, pupa; 4, beetle; a, 
band ¢, natural size; e, g,7 and &, much enlarged.—From U. S. Department of Agriculture. 


FOOD PLANTS. 


The food of the elm leaf-beetle seems to be limited to the elm 
though it has been known to deposit its eggs on one or two other 
plants, perhaps under exceptional conditions. Among the elms the 
English elm Udmus campestris and its variety the Camperdown elm 
are most preferred, though after the pest has become established the 
American elm- U/mus americana is also attacked. 


TREATMENT. 


Where this insect is abundant, treatment for it is necessary if the 
elms are to be preserved. Generally speaking, a tree will suffer 
defoliation once or even twice without being killed, but if defoliated 
three times in succession serious injury at least, if not death, must 
be the result. 

Spraying is undoubtedly the best way to check the attacks of the 
elm leaf-beetle, and the cost is much less than might be supposed. 
The spraying should be done first when the leaves are partly grown 
in spring, as at this time the beetles which have wintered over feed 
on the leaves for some time before laying their eggs as well as during 
the intervals between the deposition of the different clusters. This 
treatment will destroy many, at least, of the beetles, which would 
otherwise produce young to do damage later in the season. 

A second spraying will often be necessary however, soon after 
the eggs hatch, and as the young grubs feed on the under side of the 
leaves, not eating the upper surface, the aim should be to spray so 
that the poison may reach the under surface of the leaves as far as 
possible. 

If these treatments have been neglected, or for any reason have 
proved inefficient, the insects may be attacked while on the trunk 
and ground where they are more accessible than when scattered 
over the tree. At this time however, the damage has already been 
done and by destroying the insects at this time only the size of the 
following brood will be reduced. Still, this is well worth doing with 
a view to protecting the trees from another attack while still in a 
weakened condition. 

For the same reason the destruction of all the beetles found in 
hiding during the winter, is extremely desirable. 

In spraying the trees Paris green or arsenate of lead may be used, 
the latter being preferable as it does not burn the leaves at any 
strength when properly prepared. For destroying the insects on the 
trunk and ground boiling water is excellent, but as it is often impos- 
sible to get it to the trees sufficiently hot, kerosene emulsion or the 
mechanical mixture of kerosene and water may be found more con- 
venient for use. 


SPRAYING MIXTURES FOR THE ELM LEAF-BEETLE, 
ARSENATE OF LEAD. 


Arsenate of Soda, 4 OZ. 
Acetate of Lead, - I1 02. 
Water, - - 100 gallons. 


Mix together and it is ready for use. 


PARIS GREEN. 


Paris green, - 1 |b. 
Quick lime, 2 Ibs. 
Water, - too gallons. 


Slack the lime in part of the water and gradually add the Paris 
green: then add the rest of the water. 


KEROSENE EMULSION. 


Hard soap shaved fine, 1-2 lb. 
Water (soft), 1 gallon. 
Kerosene, oe 2 gallons. 


Dissolve the soap in the water, boiling ; remove from the fire, 
pour in the kerosene and churh with the spray pump till it becomes, 
first creamy, then soft and butter like. One part of this mixed with 
five parts of soft water should be sufficiently strong to accomplish 
the desired purpose. 

During the present summer a soap powder known as Laundry 
Chips has been used in Amherst with good success, prepared as 
follows : 


“Laundry Chips,” 2 Ibs. 
Kerosene, - 8 gallons. 
Water, ue 35 gallons. 


This was prepared with hot water and churned upon adding the 
kerosene as in the directions above. 


KEROSENE AND WATER MIXTURE, 


This mixture is made entirely by the pump which consists of two 
tanks so connected that the operator may fix at will the proportion 
of the fluids to each other. For the elm leaf-beetle the proportion 
should be 1 of kerosene to 3 of water. 


SUMMARY. 


Spray the tree with Arsenate of lead or Paris green when the 
leaves are about half grown in spring. 

Repeat this treatment soon after the eggs hatch—usually about 
the first week in June but varying with the season and 
locality. 

Remove all loose bark on the trunk and main limbs of the tree, 
that the grubs may find no place to pupate in, and so go to 
the base of the tree. 

Destroy the grubs and pupz at the base of the tree with boiling 
water, kerosene emulsion or the kerosene and water mixture, 
and repeat after five days if necessary. : 

Destroy all beetles found in hiding during’ the winter. 
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Fig. 40. Spiny Elm Caterpillars at work. 


THE SPINY ELM CATERPILLAR 


BY CLARENCE M. WEED 


In New Hampshire during the last three years there have 
been frequent complaints of injury to the foliage of elm trees 
by a black, spiny caterpillar. The extent of the injury ap- 
pears to have been increasing from year to year until, in 1899, 
it attracted very general attention. In some localities the 
damage done was compared to that done by the hosts of the 
Forest Tent Caterpillar or Maple Worm. The correspond- 
ence of this station, as well as trips in the field, has shown 
the desirability of a full statement of the life history of the 
insect, and of the remedial measures to be taken against. it. 


Fig. 41. Mourning Cloak or Antiopa Butterfly. 


This bulletin, therefore, is issued: it embodies a statement of 
the results of the studies of the insect carried on at this sta- 
tion by the entomologist and his assistant, Mr. W. IF. Fiske, 
as well as a summary of the previous knowledge of the species. 
It aims, in short, to place before the people of the state a brief 
account of all that is known of the pest in so far as it may be 
of practical value. 
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THE LIFE HISTORY OF THE CATERPILLAR 


During sunny days in spring one may often see a beautiful 
purple-black butterfly, having a cream-colored border along 
the outer margin of its wings, flying leisurely about. This 
butterfly is called the Mourning Cloak or Antiopa Butterfly; 
it is represented nearly natural size in Fig. 41. It has passed 
the winter in this adult condition, having found shelter in 
some retreat where it was not directly a a to the storm 
and stress of the weather. 


Fig. 42. Butterfly just after depositing eggs (a). 


When the leaves of elm, willow, and poplar trees are nearly 
expanded these butterflies deposit their eggs upon the twigs. 
These eggs are laid in clusters encircling the twig, there being 
twenty or more in each cluster; their general appearance is 
shown in Fig. 42. In the act of oviposition the butterfly keeps 
her wings spread out, moving the body and abdomen about as 
the placing of the eggs necessitates. About two weeks after 
the clusters of eggs are thus laid upon the twigs of the food- 
plant they hatch into small blackish, caterpillars, each emerg- 
ing from the egg-shell through a small hole that it eats out of 
the upper surface. They thus enter upon the second stage of 
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their life-history—the larva or caterpillar stage. As soon as 
hatched they crawl to the nearest leaf, upon which they range 
themselves side by side, with their heads toward the margin of 
the leaf. They feed in this position, nibbling at the green 
surface of the leaf-blade, and leaving the network of veins 
untouched.. ' Pa 5 


Fig. 43. Denuded twigs showing cast skins of the caterpillars. 


These caterpillars continue to feed in this manner for about 
a week, remaining side by side when feeding, and marching 
in processions from one leaf to another, as the food supply is 
exhausted. Wherever they go each spins a silken thread on 
the surface traversed, so that the combination of all the 
threads makes a sort of carpet that serves as a foothold for 
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the caterpillars. At the end of the week they moult or cast 
their skins, a process in which the skin of each insect splits 
open along the back, and the caterpillar crawls out of it, 
being covered with\a new skin that had been formed beneath 
the old one. This new skin stretches somewhat after the 
caterpillar emerges, so that the insect is able to increase con- 


Fig. 44. Colony of Caterpillars feeding upon willow. 


siderably in size. At the period of moulting the caterpillars 
remain quiet for a short time, but they soon become active 
again and begin feeding with increased voracity. 

During the next three weeks this moulting process is re- 
peated three times, the caterpillars becoming larger each time, 
and leaving their cast skins upon the denuded twigs, as shown 
in Fig. 43. They soon scatter more or less over neighboring 
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leaves, but remain in closely associated colonies, as repre- 
sented in Fig. 44. As they increase in size they dat more and 
more of the leaf substance; when half grown they devour all 
but the midrib and the side veins, but when they get larger 
only the midribs arc left, as may be seen in Fig. 43. 


Fig. 45. Denuded Elm twig showing carpet web. 


The carpet-web that they form becomes more conspicuous 
as the caterpillars develop, and often binds the ends of neigh- 
boring twigs together, especially in those places to which the 
caterpillars retire for rest after feeding. Examples of such 
webbing of the denuded surface are shown in Figs. 45 and 50. - 
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About four weeks from the time of hatching these Spiny 
Elm Caterpillars become full grown. They then leave the 
tree or shrub on which they have been feeding and scatter 
‘ about, seeking some sheltered situation. Having found 
this,—perhaps beneath a stump or along the underside of a 
fence,—-each caterpillar spins a web of silk along the surface. 

It then entangles the 

hooked claws of its hind 

legs in this silken web 
and lets its body hang 
vertically with the head 
end curved upward. It 
‘remains in this position’ 
for some hours before the 
j yy |. skin along the back just 
(tue, 4. 2.| behind the head splits 
Lae os lug by apart and is gradually 
wriggled upward until it 
is finally all removed, and 
there hangs in place of 
the caterpillar a peculiar 
object having no definite 
form. But it rapidly as- 
sumes a definite form— 
that of the chrysalis 
Fig. 46. Four views of the cehrysalis. which is represented in 
rama Fig. 46. These pictures 
will show sufficiently the shape and size of the chrysalis, which 
is of a grayish brown color, different specimens varying, some- 
what in shade. 

In this quiet chrysalis the insect is apparently almost as 
inert as a mummy. If you touch it, it will wriggle a little 
but otherwise it hangs there mute and helpless. On the 
inside, however, the tissues are being made over in ‘such a 
wonderful way that in about two weeks, from the mummy- 
case into which the caterpillar entered, there comes: a beauti- 
ful butterfly. When it first breaks the mummy-shell its wings 
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are very small, although its body, “feelers,” and legs are well 
developed. By means of the latter it clings to the empty 
chrysalis while its wings expand. A butterfly in this posi- 
tion with its wings nearly expanded, is shown in Fig. 47, which - 
like all but one of the photographs of the insects illustrated 
in this bulletin was taken from the living specimen. In the 
course of half an hour the wings become fully developed, and 
the butterfly is likely to crawl to some firmer support where 
it will rest an hour or so before venturing upon its first flight. 


FOOD-PLANTS OF THE CA'TERPILLARS 


The caterpillars of the Mourning Cloak Butterfly are re- 
stricted to comparatively few food-plants. In regions where 
they are not especially 
abundant they are likely to 
be found upon willow, pop- 
lar, or elm. In general our 
observations indicate that 
they are as likely to be found 
‘on any one of these food- 
plants as upon either of the 
other two; but in certain 
localities where they become 
especially abundant it seems 
that they are more likely to 
occur upon the elm. There 
is considerable evidence to 
show that they prefer the 
* American elm to other spe- 

Fig. 47. Butterfly hanging to empty cies of the genus, although 

chrysalis as its wings expand. e 

in the case of willow and 
poplar there seems to be little if any preference as to spe- 
cies. Miss C. G. Soule has seen the butterflies depositing 
their eggs upon the white and canoe birch, and in Labrador , 
and Europe it has been recorded as feeding upon a species 
of birch. There is one record of the caterpillars having been 
found feeding upon the hackberry (Celtis occidentalis), and 
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also one of their having fed greedily upon the leaves of rose, 
and another of their having almost defoliated a pear tree. 
Linden and nettle are also included in the European lists of 
the food-plants of this species. It is evident, however, that 
all of these except the three first named—willow, poplar, and 
elm—are to be regarded as exceptional cases, and that the 
normal food of the species is the foliage of.a plant belonging 
to one of these three genera. 


BROODS AND HIBERNATION 


It has generally been supposed that this species is double- 
brooded in central and southern New England, the butterflies 
of the first brood appearing early in July. These are said to ~ 
deposit eggs which hatch into caterpillars that mature into 
butterflies early in September. These butterflies live through 
the winter, laying eggs the following spring. 

Unless the summer of 1899 was exceptional, however, this 
idea of the yearly history of the species will have to be modi- 
fied, for during this season, in New Hampshire and Vermont 
at least, there was practically but one brood. Continual 
observations by Miss Caroline G. Soule at Brandon, Vt., and 
by Mr. Fiske and myself in this state show that there was 
scarcely a trace of a second brood of caterpillars, for with all 
our searching in July and August we found but a single col- 
ony of larve. These were discovered on a willow at Durham 
August 3. During the period when the second brood of cat- 
erpillars are supposed to be at work, I traveled by carriage and 
on foot over hundreds of miles of roadway in southern New 
Hampshire and southern Maine, and though there was every- 
where evidence of the presence of the first brood, none of the 
second were seen. During the same period Miss Soule was 
watching in the region of Brandon, Vt., and Mr. Fiske took an 
extended trip through central New Hampshire. But save 
for the single colony mentioned, all our looking did not reveal 
a trace of the second brood. Nor was there a single com- 
plaint from correspondents of injury at the supposed time of 
the second brood, although many accounts of the depreda- 
tions of the first brood were received. 
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In view of all this evidence it seems safe to conclude that 
in the region under consideration a single brood is the rule 
rather than the exception. This involves the conclusion that 
the butterflies seen upon the wing early in autumn are the 
same ones that developed in July, and that these same but- 
terflies remain alive through the winter and until, in thé 
following May, they lay their eggs. Thus there is a period 
of ten months of existence in the butterfly state, an extraordi- 
nary length of. time for a butterfly to live. 

To a large extent the butterflies disappear in August, and 
the question arises as to what becomes of them. Our observa- 
tions lead to the conclusion that they go into summer quar- 
ters similar to those 
which they seek out for 
winter shelter. Appar- 
ently they fly about for a 
few days after coming 
from the chrysalis and— 
4 then retire to cool woods, 
where under the side of a 
log or beneath the loose 
bark of a dead tree they 
settle down and to all ap- 
pearances go to sleep. 
The instinct to remain 

: quiet is very strong in 
“~ Fig. 48. Butterfly ‘playing possum”. these butterflies. In mak- 
ing the photographs that illustrate this bulletin I found that 
even shortly after coming from the chrysalis the butterflies 
when disturbed would fold their wings with the antenne be~ 
tween them, and drawing the legs against the body, would lie 
quietly on their sides for a long time; the position thus 
assumed by the living butterfly is shown in Fig. 48. These 
same butterflies would also’ hang downward from a limb by 
the hour in the hibernating position as shown in Fig. 49. 

In the cooler weather of early autumn the butterflies come 
from their summer retreats and fly about in the sunshine. 
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They are especially likely to be seen along the borders of 
woods or in open glades. At this time they love the sun- 
shine, and will settle in a sunny place to bask in it. 

On a spring-like day early in November (the eighth) I came 
across one of these butterflies basking in the sunshine upon 
the ties of a railway track. It rested with its wings wide 
open. On being disturbed it would fly a short distance 
and then alight, and I was interested to notice that after 
alighting it would always turn about until the hind end of its 
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Fig. 49. Butterfly hanging from branch in hibernating position. 


body pointed in the direction of the sun, so that the sun’s 
rays struck its wings and body nearly at right angles. I 
repeatedly observed this habit of getting into the position 
in which the most benefit from the sunshine was received, and 
it is of interest as showing the extreme delicacy of perception 
toward the warmth of sunshine which these creatures possess. 

During the colder part of the year in bright weather when 
these butterflies are most often abroad, they commonly hold 
their wings open when they alight, but during the warmer: 
summer days they are more likely to rest with the wings 
closed. 
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When the warm days no longer tempt them abroad the 
Mourning Cloak Butterflies seek shelter in many sorts of 
situations,—under loose bark, in hollow trees, under culverts 
and bridges, in woodpiles, in crevices of rocks, alongside logs 
lying on the ground. In such retreats they remain until the 
sunshine of spring again calls them forth. . 


FEEDING HABITS OF THE BUTTERFLY 


The Mourning Cloak Butterflies subsist upon a consider- 
able variety of liquid food which they suck through their 
long tongues. In spring, when they first come’ from. their’ 
winter quarters, they visit the stumps of recently cut trees: 
and suck the exuding sap, a habit which they continue when- 
ever opportunity offers. Mr. Fiske has noticed that they :com- 
monly sip the sap of maple twigs where the squirrels have - 
gnawed the bark. A little later they visit the: willow catkins 
to suck the nectar secreted by :these blossoms, and.still later 
they hover about the delicate blossoms of the mayflower or 
trailing arbutus for a similar purpose. Probably.- mahy 
other flowers are thus rifled of their sweets, although. this 
butterfly seems to be a less regular visitor -to:flowers than are: 
many of its allies. A little later, when the aphides or plant- 
lice have become sufficiently abundant so that the so-called 
“honey-dew” is to be found upon. the infested shrubs,. these 
Mourning Cloaks sometimes sip the liquid sweet from the 
surface of the leaves. In April and May they occasionally: 
visit the flowers of moosewood, .and later in the season: have 
been observed upon the blossoms’ of the common milkweed.. ° 
From the time the early apples ripen these butterflies..may 
often be seen beneath the orchard trees sipping the » Nai 
of the fallen and decaying fruit. - 


POPULAR NAMES OF THE BUTTERFLY 


In Germany this butterfly is called Trauermantel, from the 
translation of which is derived the common American name, 
Mourning Cloak. Its other common name with us, Antiopa 
Butterfly, is derived from its Latin name,—Vanessa antiopa. 
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In England it is called the Camberwell Beauty, from its hav- 
ing been found at an early date at or near Camberwell. A 
still earlier title adopted for it in England was “The Grand 
Surprise,” given by butterfly collectors because at the begin- 
ning of the century after a long absence it appeared in con- 
siderable numbers. 

In most books upon insects the technical name of this but- 
terfly is given as Vanessa antiopa. In his recent writings 
Mr. S. H. Scudder has called it Huvanessa antiopa, although 
in one of his earlier books he called it Papilio antiopa. 
Questions of nomenclature, however, need no consideration 
in this connection, and I mention these names-only for the 
guidance of any readér that may wish to study what has been 
printed about the species. 


THE CATERPILLARS NOT POISONOUS 


During the earlier years of our country’s history many peo- 
ple regarded these caterpillars as “venomous and capable of 
inflicting dangerous wounds.” Dr. T. W. Harris states that 
he had known people to cut down poplar trees around dwell- 
ings to prevent the presence of such dangerous caterpillars. 
But these insects are not poisonous, and may be handled with 
little fear of injury, although the sharp spines might perhaps 
penetrate the delicate skin of a child’s hand. 


GEOGRAPHICAL DISTRIBUTION 


The Mourning Cloak Butterfly is one of the most widely 
distributed insects in existence. Not only is it found in 
North America as far south as Bermuda; Florida, and Mexico, 
but it is also found throughout northern Europe, and in Asia 
and Japan. Consequently, as Mr. Scudder has said, it appears 
to be distributed “over the entire breadth of the northern 
hemisphere, below the Arctic circle as far south as the thirtieth 
parallel of latitude.” This is an extraordinary distribution 
for an-insect, and shows a remarkable power of adaptation to 
the varying surroundings in which the species occurs. In 
the northern United States this is one of the commonest and 
most familiar butterflies. 
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ABUNDANCE AND INJURIES 


As a rule thel caterpillars of the Mourning Cloak Butter- 
flies are to be. found only in occasional colonies, so that the 
damage they do attracts little if any attention. But some- 
times the weather or other conditions are so favorable to their 


Fig. 50. Poplar twig denuded by caterpillars, showing carpet web. 


development that they multiply beyond this normal limit and 
are to be found in great numbers. At such times serious 
damage is often done. In this country such local outbreaks 
of the species have frequently occurred, generally, however, 
over very limited areas. So far as I can learn the insect has 
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never caused such widespread destruction as the Forest Tent 
Caterpillar has recently caused in New England. In the 
tree plantations of the prairie regions of the West, these cater- 
pillars are, according to Prof. Otto Lugger, “very injurious 
and sometimes denude whole rows of willows and poplars.” 
The same observer adds: “They are still more fond of the 
leaves of elms, and I have seen them so numerous upon those 
trees in Michigan that branches were broken by their weight.” 
In other regions of the West similar records have been made. 


NATURAL ENEMIES 


Like most other insects the Mourning Cloak Butterflies 
have many natural enemies to contend against. From the 
moment the egg is laid until the ney dies it is in constant 
danger. 

Some of the eggs never hatch ‘ait erst ‘because a 
tiny fly, scarcely one twentieth of an inch in length, finds the 
egg mass, and deposits in each egg another egg,—the latter 
being microscopic in size. This tiny egg soon hatches into a 
maggot almost equally tiny, and the maggot grows by absorb- 
ing the contents of the butterfly egg. In due time it changes 
to a minute pupa, later to change to a minute fly like the one 
that laid the microscopic egg. This minute fly now gnaws a 
hole through the egg-shell of the butterfly and comes out into 
the world. The little creature that has thus developed at 
the expense of the egg of the butterfly is called an egg para- 
site. There are many species of these egg parasites and they 
attack the eggs of many kinds of insects. The particular spe- 
cies that develops in the eggs of the Mourning Cloak Butter- 
fly is called by scientists Telenomus grapte. 

After hatching from the egg the caterpillars are subject to 
the attacks of various parasites. One of these is quite :mi- 
nute,—not a great deal larger than the egg parasites. It is a 
tiny four-winged fly which deposits many eggs in a single 
caterpillar. The eggs hatch into tiny maggots that grow at 
the expense of the caterpillar, finally killing it and changing 
to four-winged flies again. As many as 145 of these para- 
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sites have been known to emerge from a single dead cater- 
pillar. These little flies are called Chalcids by entomologists. 

There is still another group of four-winged flies, some of 
which attack the Antiopa Caterpillars. These are much larger 
than the Chalcid flies, and are called Ichneumon I Flies. In the 
case of these only: one or two parasites develop in each cater-~ 
pillar or chrysalis. 

In addition to’ these various four- winged flies there are cer- 
tain two-winged flies, called Tachinid Flies, that develop at 
the expense of the caterpillars. In New Hampshire, during 
recent years, these appear to have been the most abundant 
parasites of these insects. An egg is laid on the skin of the 
caterpillar by a two- -winged fly, similar in general appearance 
to Fig. 51. The contents of this egg shortly develop into a 
tiny grub that burrows through the egg-shell and the skin 
of the caterpillar into the inside of the body. Here it remains 
absorbing the body substance of its host 
and gradually increasing in size. Ina 
few weeks it becomes fully developed in 
this grub state. By this time the cater- 
pillar has become sluggish from the 
effects of the parasite. If the branch 

-Fig. 51. Tachinid fy. upon which it feeds is disturbed the 

(Redrawn from Scudder.) other caterpillars are likely to crawl 
away, but it remains in its place. The caterpillars illustrated 
onthe web in. Fig. 45 were parasited specimens that thus 
remained. after the.others had crawled ‘away. 

Shortly after -becoming full. grown the Tachinid grub 
breaks through the skin of the dying caterpillar and falling 
to the ground changes to a peculiar pupa; the outer skin of 
the grub turns brown and becomes hard, forming a protective 
covering for the body inside. A week or two later the insect 
undergoes another change and emerges as a two-winged Ta- 
chinid fly like the one that laid the egg some weeks before. 

Our observations indicate that during the last season a 
comparatively small proportion of the caterpillars were af- 
fected by parasites of any kind. 


140 THE SPINY ELM CATERPILLAR 


PREDACEOUS, INSECTS 


Besides those insects which develop on the inside of the 
bodies’ of these caterpillars, called parasites, there are other 
insect enemies that attack them from the outside and devour 
them bodily. Such enemies are called predaceous insects. 
‘The most notable of these, perhaps, is a large beetle called 
the caterpillar hunter; it is known to entomologists as Calo- 
soma scrutator. Some cases are on record in which this insect 
has been observed to destroy many of the Antiopa Caterpillars. 
In New Hampshire, however, this beetle is comparatively 
rare, and it can be relied upon for but little help. 

In the Southern states a large reddish wasp has been 
observed to attack. and destroy the Antiopa Caterpillars. 
There are probably also various other insect enemies at work, 
although definite observations upon them have not been re- 
corded. 

These lm Caterpillars are such spiny creatures that com- 
paratively few birds attack them. They are devoured, how- 
ever, by the cuckoos, of which we have two species in New 
England,—the yellow-billed and the black-billed cuckoos. 
It is probable also that these insects are eaten by Baltimore 
orioles and various other birds. 

These caterpillars are also greedily devoured by toads, but 
of course as a rule they do not come within reach of these 
useful animals. 


REMEDIES 


In general the most satisfactory remedy for these caterpil- 
lars is to cut off while they are still young the branch on 
which they are feeding, andcrush or burn the insects. After 
they become larger they may be shaken off and crushed. Or 
the colonies may be brought down with a torch, care being 
taken to kill the caterpillars that fall to the ground, as prob- 
ably many of them will not be seriously injured by the flame. 
Jarring the limbs with a padded mallet will also be a useful 
way of bringing down those out of reach; or they may be 
brought down by use of a strong stream of water from a force 
pump or hydrant. 
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These caterpillars are also open to destruction through 
spraying with arsenate of lead or other forms gf arsenical 
poisons. , 


BANDING THE TREES IS USELESS FOR THESE CATERPILLARS 


In one city in this state where the Spiny Elm Caterpillars 
were rather abundant last season, many owners of shade trees 
applied bands of various sorts to the trunks of the trees to 
prevent the injury. Presumably this was done on the theory 
that as bands are successfully employed against canker worms, 
they are equally good against other caterpillars. In the case 
of canker worms, however, the female moth which lays the 
eggs is wingless, so that the bands prevent her from ascending 
the trees. But with the Spiny Elm Caterpillar the parent 
insect that lays the eggs is a butterfly which can easily fly to 
the tops of the tallest trees. The eggs are deposited on the 
twigs by these butterflies, and the caterpillars remain in the 
close neighborhood of the place where they hatch until they 
are full grown. Consequently, any banding of the tree is a 
waste of energy so far as this insect is concerned. 


[P I 


} 


University of the State of New York 


New York State Museum 


Freperick J. H. Merrity Director 


Epuraim Porrer Feit State entomologist 
Bulletin 57. 
ENTOMOLOGY 15 


ELM LEAF BEETLE 


IN 


NEW YORK STATE 


PREFACE 


This bulletin appeared in June 1898 and as the first edition 
is practically exhausted, a revision embodying the more essen- 
tial facts observed since then has been prepared in order to 
meet the demand for information concerning this deadly enemy 
of our elms, which is still extending its range in this state. 
This beetle has abundantly demonstrated its injurious powers 
in the vicinity of Albany, and in turn the feasibility of control- 
ling it at a very reasonable expense has been proved. 

The life history and habits of this beetle have been given 
somewhat in detail because unless they are thoroughly under- 
stood it is very easy to adopt means that are futile or only 
partially successful. In order to give the bulletin a more prac- 
tical value, short accounts have also been included of three 
other insects, which, working with the elm leaf beetle, have 
aided greatly in ruining many noble elms. 

In the portion devoted to remedies prominence has been given 
to the cost of spraying per tree, the proper apparatus and the 
time and manner of application. It is surprising to see what 
mistakes some make in dealing with insects and how methods 
of no value are clung to. To offset this tendency, two of the 
more common fallacies are mentioned and their futility shown. 

EK. P. Feit 
: Albany N.Y. January 1902 
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ELM LEAF BEETLE IN NEW YORK STATE 
Galerucella luteola Miller 
Ord. Coleoptera: Fam. Chrysomelidae 


This insect has committed such extensive injuries to elms in 
cities and villages along the Hudson that it may be regarded 
as the most important natural enemy of shade trees in this 
state. Its depredations in this section probably outrank those 
of all other natural agents combined. Residents of places 
where this pest has established itself have repeatedly observed 
the grubs working on their elms and in many instances have 
seen two, or even three, crops of leaves destroyed in a single 
season without taking steps for the protection of their trees. 

The causes for this condition of affairs are not hard to find, 
as the majority, if they notice the work of this pest at all, are 
inclined to trust in Providence and hope that its ravages will 
not be as severe the next season. Others see the grubs at work 
on the under side of the leaves or crawling about the tree but 
not being quite sure of the best method of controlling them, 
and as any method takes considerable labor, usually make no 
effort to subdue the pest. 

Bad reputation of its family. This beetle is a member of the 
large, leaf eating family of Chrysomelidae, which com- 
prises a number of our most injurious insects. It includes such 
well known pests as the asparagus beetle, Crioceris as- 
paragi Linn., the Colorado potato beetle, Doryphora 10- 
lineata Say, the 12 spotted Diabrotica, D.12punctata 
Oliv. and the striped cucumber beetle, Diabrotica vit- 
tata Fabr., all well known insects against which the farmer 
must wage a more or less perpetual warfare. Another member 
of this family, the cottonwood leaf beetle, Lina scripta 
Fabr., recently inflicted serious damage on the large basket 
industry in the willow growing districts about Syracuse, Roches- 
ter and other localities in that part of the state. Judging from 
the well known records of its allies, we may expect that the elm 
leaf beetle will continue to be very destructive. 

Recent injuries about Albany. The elm leaf beetle was recog- 
nized in Albany by the late Dr Lintner about 1892, having 
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probably made its way here a year or two earlier. Its ravages 
became more and more serious from that time till 1897, when 
most of the European elms along our streets were completely 
defoliated in. early summer. The second growth of foliage was 
seriously injured the same year and some trees had their third 
set of leaves attacked. It was estimated in 1898 that fully 
1000 elms had been killed within the city limits by this perni- 
cious insect and many more would have suffered a similar fate, 
had it not been for the systematic spraying undertaken then 
and since continued. See pl. 3 and 4 for representations of the 
injury caused by this pest. 

The record of this insect in Troy has been even worse than in 
Albany. It probably made its way to that city about the same 
time that it came here, and up to 1898 practically no effort had 
been made to check its ravages. At that time probably 1500 
elms had been killed within the corporate limits of Troy and 
since then many others have suffered a similar fate, though not 
so many have died the last few years on account of the large 
amount of spraying done in different parts of the city for pri- 
vate parties. Even now it is possible to go into sections of the 
city and see within two or three blocks 50 to 100 or more dead 
elms. These are not aged trees that would have died irrespec- 
tive of attack by insects, but are in most cases-trees which a 
few years ago were as thrifty and vigorous as anyone could 
desire. 

The story of the city of Watervliet has been virtually that of 
Troy except that less effort has been made to check the pest; 
also, as a large proportion of the elms in Watervliet were of the 
American or white variety on which the beetle does not thrive 
so readily, the destruction was not quite so rapid. It hardly 
seems possible, however, that fewer than 1500 magnificent trees 
have been killed or practically ruined by this insect in Water- 
vliet. A brief note published in December 1900 in one of the 
Albany papers is of value because it gives the testimony of one 
who probably had little idea of the true cause of the condition 
‘complained of. Under Watervliet items was a short paragraph 
calling attention to the fact that numerous dead trees were a 
menace to the safety of pedestrians and stating that they were 
to be found on almost every block in the city. It might further 


6 NEW YORK STATE MUSEUM 


have very truthfully added that this condition was almost en- 
tirely due to the destructive work of the elm leaf beetle. 

Practically the same story has been repeated here and there 
in small towns along the Hudson river valley where this pest 
has established itself in force; and, unless the insect is checked 
on its advent into a village, this is likely to be the record where- 
ever it makes its way. 

Inaction means death to the elm. The defoliation of a tree in 
midsummer is a serious injury since the leaves are breathing 
organs, and if this occurs for successive years even once a 
season, the early death of the elm may be expected; when it 
occurs two or even three times in a summer, it is very easy to 
see that the danger to the tree is increased manyfold. 

Such is the record of the elm leaf beetle in this section. The 
time to control this pest is not after it has become enormously 
abundant in a city or village and has seriously weakened or 
nearly destroyed the majority of the elms; the work should be 
begun at the outset and in the future the insect prevented from 
establishing itself in large numbers in any uninfested city or 
village in New York. Village improvement societies and public 
spirited individuals interested in the welfare of a community 
where this beetle occurs would do well to undertake at least an 
educational campaign against it. 

It is comparatively useless to hope that in the course of a few 
years the pest may not be so destructive. It shows a remark- 
able vigor and prolificacy in our climate. At Washington D. C. 
it has been known for a long series of years and is still very in- 
jurious. In New Jersey, New York city, New Haven Ct. and 
other localities it has been found necessary to spray the trees 
with a poisonous mixture in order to avert serious injury. 
Parasites, diseases of various kinds and predatory enemies seem 
to have little effect in reducing its numbers. 

Distribution. The insect, as stated by Dr Howard, is found 
over a large part of Europe, but it is abundant and destructive 
only in the southern portions of Germany and France and in 
Italy and Austria. The records of the earlier entomologists in- 
dicate that the beetle must have made its way to this country 
about 1834, because in 1838 it was reported as very injurious to 
elms in Baltimore Md. Its southernmost range has been given 
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by Dr Howard as Charlotte N. ©., and Prof. Webster records 
having found it north of Salem Mass. It has made its way as 
far west as Keutucky, at least. Its progress up the Hudson is 
interesting to follow, indicating as it does, its distribution along 
the lines of travel. In 18791! it was abundant and destructive 
at Newburg, 12 vears later it was reported to this office from 
Poughkeepsie, in 1890 from Hudson, in 1891 from New Balti- 
more and in 1892 it had reached Albany and Troy. 

It was found at Mechanicville in 1896 by Dr Howard and that 
same year larvae in considerable numbers were discovered by 
the writer at Averill park in the town of Sandlake about 7 miles 
southeast of Troy, the beetles evidently having been transported 
thither by the numerous electric cars running to that place. 
The writer also located the. pest in 1900 at Hoosick Falls, Rens- 
selaer co. where it had inflicted considerable injury the preced- 
ing vear, and he found that it had established itself pretty gen- 
erally in the towns of Stillwater, Schuylerville, Salem and prob- 
ably Greenwich. Its presence at Salem and its being found at 
Saratoga in numbers in 1902 indicate a possibility of still farther 
progress north, though there were reasons for hoping that it 
would not be very injurious north of Mechanicville, except 
possibly in an unusual season. 

The occurrence of this insect at Oswego, Hastings and 
Rochester, brought to my notice through Dr Howard, is a much 
more serious matter. Prof. C.S. Sheldon of the Oswego normal 
school states that he has examples of it taken at Oswego in 
1896, and Prof. M. H. Beckwith of Elmira reports that he has 
known it to occur for several years in considerable numbers in 
his locality. It is also extending its range through the Mohawk 
valley, having recently been found in considerable numbers at 
Schenectady. 

These last records are of very great importance since they 
show that the insect has already established itself in several 
widely separated localities in the western portion of the state 
and we have no good reason for thinking that it will not, in the 
course of a few years, be as injurious in that section as it has 
already proved in the Hudson valley. 


1 Unfortunately most of these dates indicate only the time when the ravages of the insect were 
serious enough to attract the attention of someone, and so only approximately the year of its 
arrival. 
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It has spread over a large proportion of Connecticut and into 
Rhode Island. It had.made its way up the Connecticut river 
valley to Springfield by 1891 and to Amherst by 1895. It has 
now attained a rather general distribution over the eastern por- 
tion of Massachusetts, having been recorded by Mr Kirkland 
from Worcester and towns in that vicinity, Ayer, Groton and 
places in the eastern and southeastern part of the state. It 
has also been found in a number of places in western Massa- 
chusetts. 

The above records indicate most clearly that this pest has not 
made its way to all portions of New York state where it may 
be expected to thrive. The climate of the upper austral life 
zone seems to agree with the insect, judging from its abundance 
and the number of broods in Albany and vicinity. The area 
within the state embraced by this zone is rather crudely repre- 
sented on pl. 2, which was first published in the 11th report on 
the injurious and other insects of the State of New York for the 
year 1895. Briefly, it embraces Long and Staten islands, the 
valley of the Hudson river north about to Saratoga and a large 
portion of the northwestern and central part of the state ad- 
jacent to Lake Ontario and including Oneida, Cayuga and 
Seneca lakes and neighboring bodies of water. This insect will 
probably make its way along the lines of travel to most of the 
cities and larger villages lying within the above limits. The 
fact of its having’ become established at localities not yet 
included within this zone indicates that it may have a somewhat 
wider range, though climatic conditions will probably prevent 
its becoming destructive outside this area. 

Description. The work of this pest is so striking as to excite 
the attention of even the most casual observer. The majority 
have little idea of the appearance of the insect in its various 
stages and but faint conception of its life history. In order to 
control it, it must be recognized and its nature understood to a 
certain extent. : 

The parent insect may be recognized by aid of the colored 
figures (pl. 1, fig. 5, 6) though care should be taken not to con- 
found it with the striped cucumber beetle Diabrotica vit- 
tata Fabr., which it resembles in a general manner. The elm 
leaf beetle is about } inch long with the head, thorax and 
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margin of the wing-covers a reddish yellow. The coal-black 
eyes and the median spot of the same color on the head are 
prominent. On the thorax there is a median black spot (not 
infrequently two triangular ones) of somewhat variable shape 
and size and a pair of lateral ovoid ones. The median black line 
of the wing-covers is separated from the broad lateral stripes 
of the same color by a variable greenish yellow. The elytra 
or wing-covers are minutely and irregularly punctured and bear 
a fine pubescence and at the base of each elytron there is an 
elongated black spot in the middle of the greenish yellow stripe. 
The markings are usually constant in the adult but the color is 
quite variable during life and changes more or less after death. 
Some beetles emerging from winter quarters have the con- 
spicuous greenish yellow stripes of the wing-covers nearly 
obscured by black. The antennae are a golden yellow with more 
or less brownish markings. The legs are yellowish with the 
tibiae and tarsi marked with brown. The under surface of the 
head and prothorax is yellowish, that of the metathorax and 
abdomen black. 

The orange yellow eggs are deposited in irregular rows side 
by side, forming clusters of from five to 26 or more on the under 
surface of the leaf. Several of these are shown natural size in 
fig. 7.. Each egg is somewhat fusiform, attached vertically by 
its larger end and with the free extremity tapering to a paler, 
rounded point (pl. 1, fig. 1, la). Under a powerful lens the fine 
reticulations of the eggshell are easily seen. 

The recently hatched larva (pl. 1, fig. 2) is about 5 inch long, 
with the head, thoracic shield, numerous tubercles, hairs and 
legs jet black. The integument between the tubercles is a dark 
yellow. The tubercles are so large and the hairs so prominent 
that the prevailing color of the larva at this stage is black. As 
the larva increases in size and molts, the stiff black hairs become 
less conspicuous and the yellowish markings more prominent 
(pl. 1, fig. 8) till the last stage. A full grown larva is about 4 
inch long, more flattened than in the earlier stages, with a broad 
yellowish stripe dorsally and a narrower stripe of the same 
color on each side, the yellow stripes being separated by broad 
dark bands thickly set with tubercles bearing short, dark 
colored hairs. The dorsal yellow stripe is broken on each side 
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by a subdorsal row of dark tubercles, which increase in size 
posteriorly. The lateral yellow stripe includes a row of promi- 
nent tubercles with dark tips bearing short hairs of the same 
color. The predominating color of the ventral surface is yellow. 

The pupa (pl. i fig. 4) is bright orange yellow, about } inch 
long and with a very convex dorsal surface which bears trans- 
verse rows of stout, inconspicuous setae. 

Life history. In order to control this insect successfully it 
must be known and its habits understood. Trite though the 
preceding may appear we have observed men in several places 
spraying for this pest without accomplishing anything for the 
simple reason that they did not understand the fundamental 
principles of fighting insects. In one case the trunk of the tree 
was sprayed while the grubs were on the leaves; in another 
paris green and water was used when kerosene emulsion or 
whale oil soap solution should have been employed. 

The beetles pass the winter in attics, sheds, outhouses and 
various other sheltered places. With the advent of warm 
weather in the spring they emerge from their retreats and may 
be found on the walks during the sunny portion of the day or 
on the windows of houses, vainly trying to escape. Even as 
early as May 12, numbers of these beetles were to be seen 
in 1898 on the office windows of the fourth story of the capitol, 
showing to what a hight they will fly in seeking secure winter 
quarters. On the appearance of the leaves, the last of April 
or the early half of May in the latitude of Albany, they fly into 
the trees and eat irregular holes in the foliage (pl. 1, fig. 9). 
After feeding some time, and pairing, the orange yellow eggs 
are deposited on the under surface of the leaves in clusters of 
about five to 26. The period of oviposition of the overwintered 
beetles extends from the latter part of May throughout the 
greater part of June in the vicinity of Albany. The duration 
of the egg stage in July averages about five days; in cooler 
weather it may be longer. Feeding and oviposition continue for 
several weeks in the spring, probably four to six. During this 
time the beetles consume a large amount of foliage, which is 
evidently necessary for the development of the eggs, as clusters 
are laid every day or two till the full complement, which is in 
the neighborhood of from 481 to 623, is discharged. 
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As there seems to have been no attempt, at least in this 
country, to determine the prolificacy of this insect, the following 


‘may be of interest. 


May 31, 1898, two heavy gravid females 


‘were isolated, provided with plenty of food, and the eggs 
removed and counted nearly every day. The results are tabu- 


lated below. 


Record of eggs deposited by two elm leaf beetles! 


FEMALE IN VIAL 


TOTAL 


29 


32 


36 


DATE CLUSTERS OF 
ASUDG © i cco dns yereiias Baa eG (2) 
DeLee sthiaaina howtingien MeO) CURAAMO NT A 
Of uses Wake see ebecws 9, 9, 14 
fsa ine E ease Leasadddess 
Dc cicdi vanetenmtnetee unm oka, cule ad asc 
Ge sidd-ses ex ess ee 18 
hy Gla aGeaktGns Guaie availa we apnea 
Sivvae e cicae eareeaanni se 15 
8 (2p. m.). 20 
Oe ciutiedensucstoagn armas, mai hervine 
LO ins ine sneak 20 
PDD cy cet ens utente ang toe eee 23 
Linde a eeranennn ee Mey Ge One, ua eat 
TBiswepsevaec ets fd fs aine 11, 18 
LA anecaya enecadnend a eyed al bites 31 
MDs ccvsrccaundittns, ota ach na akon 16,5 
1G: vewea seadae tates sales 28 
cL eee eatitade’ Ga enens, 
TS (ADSENT) 00 cewetareae: aya tea xe 
DD a cata win tact Bes auras sai 26, 30 
Page | eee pears ret ee 2,6 
a devas Gi ah a NAA IA cc toe 3.18 
Dole eh nek wee ee ee eae 2, 20 
De Ae tats late ad hs Ss aS cos has 27 
OE ih Sa Haven Sei teaseariuendes p TRACE 
uWire cecins tien chet aeauaaasties hese gettneyass 
DG giao capi s tla Ae. Ram cata aes 
OO cite el i Se diecb cn aie Wigs’ sane due 5, 7, 9, 15 
28 (beetle dead). ........0 see. eee 
TOUBIS fc sacea daalee ds — hh nhaton 


431 


FEMALE IN TUMBLER 
CLUSTERS OF TOTAL 


..(4) 42 

18 18 

26,21 47 

4,26 30 

270 aT 
p.m.)3,31 34 
8,7,9,11,15,19 68 
14,27 9 41 

30 30 

7 32 


10, 26 36 


36 36 
6, 25 31 
4,31 35 


1, 2, 11, 7, 13 34 


18, 21,32 66 
(beetle dead) 4,17 21 


623 


1 The examinations were made as a rule between 8.30 and 9 a. m. though occasionally, when eggs 
were seen in the afternoon, they were recorded at the time indicated in the table. The dates in 


atalics fell on Sunday and usually no observations were made then. 
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The above records have a very vital bearing on remedial 
measures. From June 1 to 11 from 15 to 47 eggs were gener- 
ally deposited every other day. The 12th being Sunday the 
beetles were not attended, but two or more clusters being found 
with each on the following morning, probably one or more were 
deposited on Sunday. 

The records show that from June 12 or 13 to 23 there was a 
marked increase in the number of eggs, eight to over 40 being as 
a rule deposited daily. The record of the beetle confined in the 
vial indicates a discrepancy greater than the facts warrant. It 
was impossible to attend the insects on the 18th, so it appears 
as though two days had been skipped by one beetle and one day 
by the other, whereas it is probable that there was but a day 
that the beetle in the vial did not deposit eggs, and the record 
of the other was probably unbroken, eggs being deposited daily. 

During this short period of 10 or 11 days—June 12 or 18 to 
23—there were deposited over half the total number of eggs 
produced during the 28 days the record was kept, the figures 
being 330 and 338 respectively or an average of over 21 and 30 
eggs a day. The average number deposited during the first 11 
days of the month are 14 and 18 respectively, which shows that 
there ‘was an increase in the daily average of one half or more 
in the case of each beetle after June 11. Those deposited after 
the 25th were apparently the last efforts of the insects to pro- 
vide for the perpetuity of their kind, though the quality of the 
eggs had not deteriorated so far as observable. 

The continued oviposition and the prolificacy of the beetles 
is strikingly shown in this record. They were abroad in num- 
bers by May 12, 1898, and oviposition began about the 25th, so 
the record of these two individuals is probably lower than the 
normal as they may have deposited several clusters of eggs 
before being captured. They were both supplied with fresh 
leaves from day to day and the eggs removed and counted as 
Soon as detected. The female producing the smaller number of 
eggs was confined in a small, corked vial, while the other en- 
joyed the freedom of a jelly tumbler. The difference in condi- 
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tions undoubtedly had some influence on egg production and the 
protection from unfavorable weather conditions enabled the 
beetles to approximate the maximum quota of eggs. The record 
is of great value since it shows clearly how long oviposition may 
be continued by a single individual, and shows that if the adult 
beetles can be killed by thorough spraying any time before this 
period of greatest reproductive activity, which was about June 
11 in 1898, the deposition of a very large number of eggs can 
be prevented, with correspondingly léss danger from the grubs 
or larvae. 

The grubs emerge from the eggs early in June or about five 
or six days after oviposition, and soon begin to feed on the 
under surface of the leaves, producing the familiar skeletonized 
appearance well represented on pl. 1, fig. 8 and pl. 7, fig. 1. This 
is caused by their eating the softer under part, the upper epider- 
mis and the veins being left. The result of their feeding is so 
characteristic that it is easy to detect their presence by the 
semitransparent places in partly eaten leaves and by the 
skeletonized appearance of the foliage which has been more 
severely attacked. 

The grubs complete their growth in 15 to 20 days in summer 
(in cooler weather the time may be greatly extended), become 
restless, forsake the leaves and descend the limbs and trunks 
to a greater or less extent, seeking proper shelter for pupation. 
In warm July weather seven days are passed in this state, in 
September the time is extended to 12 days and in October to 24. 
The descent of the larvae of the first brood usually occurs in 
‘Albany the latter part of June; in 1896 some were observed 
descending June 19, and beetles of the second brood were taken 
June 30. The oviposition of the second brood of beetles begins 
about the middle of July. From that date till late in the au- 
tumn it is possible to find the eggs of this insect most of the 
time in some part of the city. The beetles are naturally 
attracted by a fresh growth of foliage and it is on the trees 
throwing out a second or a third crop of leaves or on those not 
attacked earlier in the season that the eggs of later generations 
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are found most abundantly. Most of the second brood of larvae 
complete their growth about the middle of August, becoming 
adults the latter part of the month. If there is an abundant 
food supply a partial third generation may be produced. In 1896 
numerous eggs were found on elms in Troy the first part of Sep- 
tember. This was probably the case in Albany also, as indicated 
py the large numbers of full grown larvae descending near the 
middle of October certain Scotch elms which had been practi- 
cally uninjured in the early part of the season. 

This latter occurrence shows most conclusively that the larvae 
are able to develop on old leaves. The persistent breeding of 
the insect late in the autumn is shown by the presence of full 
grown larvae on elm trunks October 31 and by the finding of 
living pupae on November 7 in 1896, and in 1897 on the still later 
date, November 16. 

Number of generations. The detailed observations of 1896 to 
1898 have established bevond question the possibility of two 
well marked generations annually and the occurrence under 
favorable conditions of an incomplete third brood at both 
Albany and Troy. In these two cities the insect has continued 
breeding as long as the elms afforded sustenance. There is every 
reason for believing the same to be true in adjacent cities and 
villages. This is the more remarkable since Dr Smith records 
but one brood a year, or one and a partial second, at New Bruns- 
wick N. J., about 150 miles to the south. As is well known, 
most insects are more destructive soon after their introduction 
than in later years. This may be accounted for by the fact that 
in time native parasites, diseases and other natural checks 
gradually assert their power on new comers. An insect’s free- 
dom from natural enemies might have some effect on its prolifi- 
cacy, and possibly on the number of generations. It will not 
only be of interest but of great practical importance to ascer- 
tain by observations whether this beetle continues to produce 
two or three generations yearly in this latitude. 

Habits of beetles and larvae. A knowledge of certain habits of 
this insect are of.great value in controlling it. Its hibernation 
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affords no vulnerable point as the beetles are then too scattered 
to admit of effective work against them. They feed on the young 
leaves in the spring for two or three weeks and when abundant 
may cause considerable injury. The irregular round holes in 
the foliage (pl. 1, fig. 9 and pl. 7, fig. 2) are an indication of the 
presence of the beetles, and the amount of injury gives some idea 
of their abundance. Under exceptional circumstances they may 
eat the under surface of the leaves, refusing the veins and tough 
upper epidermis. This is only when the foliage is unusually 
hard and dry. 

One habit of much importance which the adult insect pos- 
sesses is its disinclination to fly a great distance. Its instinct 
to remain near one spot is so strong that it spreads very slowly 
indeed. This is clearly shown in its taking seven years to make 
its way in numbers from the point where it established itself 
first in this city to Washington park, a distance of less than 
14 miles. We have repeatedly seen European elms badly defoli- 
ated and within 50 feet others of the same species would be 
hardly affected. In three years (1895-98) it made its way along 
certain rows of European elms in Albany at the rate of about a 
block a year. 

The larvae are very rarely found on the upper part of the 
leaf; they appear on the under surface and feed there almost 
exclusively. It is also evident that in most cases trees are 
attacked near the top, probably because the foliage of the upper 
portion is more tender and clean. This is well shown on pl. 8, 
where the dead tips are high, showing conclusively the prefer- 
cence the beetles have for the younger leaves. 

The larvae forsake the leaves after attaining their growth 
and may be found crawling along the limbs and trunk. If the 
tree has comparatively smooth bark, a far greater portion make 
their way to the ground in search of proper shelter while 
passing through the pupa stage, than if it has a rough bark, 
which affords numerous secure crevices in which the final 
changes may be effected. At this time the trunks of infested 
trees present an interesting sight as thousands of the grubs 
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crawl up and down the shaggy bark. Occasionally their num- 
bers are so great as to give a distinct character to the surface 
they are moving over, presenting a peculiar grayish yellow mass 
of motion enlivened here and there with an orange yellow pupa. 
A few days later the pupae are more numerous on the trunk 
and around the base of the tree and adjacent shelter, where 
they may sometimes be found in golden layers nearly an inch 
deep, interspersed here and there with a dark larva. Many 
larvae do not descend the older trees but take refuge in the 
crevices of the bark, or, if there are overhanging limbs, may 
drop in numbers ‘from the tips of the branches. Many are con- 
tent to transform in the gutters, others seek shelter in the 
crevices of the sidewalks and large numbers cross wide spaces 
and pile themselves up against a wall or a fence or around any 
sheltering bush or weed. 


SPECIES OF ELMS ATTACKED 


It will be observed in most localities that the American elm, 
Ulmus americana, is comparatively exempt from the 
attacks of this insect. Sometimes the beetles will make their 
way from adjacent European elms and seriously injure the 
American species and, after they have once become established, 
the but partially migratory habit of the beetle insures attack 
for a few successive seasons at least. The English elm; 
Ulmus campestris, and the Scotch elm, Ulmus mon- 
tana, usually suffer most seriously, while our native species 
are but little affected. This was very noticeable in Troy and 
Lansingburg. European elms are numerous in the former 
place and the work of the elm leaf beetle is conspicuous over 
the greater part of the city, but as one proceeds northward into 
Lansingburg American elms abound almost to the exclusion of 
the foreign species and evidences of the pest are comparatively 
rare. Again, in 1895 the American elms of Albany showed very 
little injury by the insect. The next year trees here and there 
gave evidence of a serious attack and in 1897 a much larger 
uumber of the American elms was seriously injured than in 
the preceding year. The numerous American elms in Water- 
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vliet have been very severely injured, though the relatively few 
European elms suffered more. 

No species of elm grown in this country is exempt from 
attack though there is considerable variation in the degree of 
injury inflicted on the different kinds. The relative liability 
to attack is apparently a variable quantity in different locali- 
ties. According to Dr Howard’s observations, the American 
clm suffers more from the insect than does the Scotch, the 
English species being the favorite, while in both Albany and 
Troy the injuries to the English and Scotch varieties were 
about equal, the latter suffering more in many instances, while 
the American elm was eaten to a much less degree. 


AN ASSOCIATED INSECT 


The elms, particularly the European species, in Albany, Troy 
and other places along the Hudson river are most unfortunate 
in suffering from the attacks of another imported insect known 
as the elm tree bark louse, Gossyparia ulmi Geoff. This 
was first discovered in this country at Rye, Westchester co. 
N. Y. in 1884, on the nursery stock of Mr Charles Fremd. It 
is now known to occur in a number of localities in the Hudson 
valley, being generally distributed over Albany, Troy and 
adjacent towns, and ranging north to Greenwich. It has been 
received by the writer from Ogdensburg, St Lawrence co. It 
has also become established in the vicinity of Boston and at 
Amherst Mass. and Burlington Vt. Other recorded localities 
are Washington D. C., Michigan agricultural college, Carson 
City Nev. and Palo Alto Cal. 

Injuries and characteristics. The injurious nature of this bark 
louse in our latitude has been abundantly demonstrated the 
past few years in conjunction with the work of the elm leaf 
beetle. The affected trees are easily recognized in midsummer 
by their blackened appearance, which is caused by a growth 
of the fungus Coniothecium saccharinum Peck in 
the honey dew covering the foliage, the limbs and the ground 
beneath. The minute drops of the secretion may easily be 
seen in sunlight falling in showers from the clusters of insects, 
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giving an idea of what a drain this species must be on a tree’s: 
vitality. The limbs which have harbored the bark louse for a 
few years begin to die, the tree itself shows signs of weakness, 
and when it is attacked by both the elm leaf beetle and the 
bark louse, its destruction follows in a few years. 

Description and life history. The adult females are rather 
conspicuous during April, May and June. They may be found 
on the under sides of the smaller branches, frequently clustered 
in masses and appearing not unlike certain lichens. Each at 
this time is about 33; inch long, oval in outline, with the extremi- 
ties slightly pointed, and if crushed causes a reddish stain from 
the contained ova. The body is surrounded by a mass of white, 
woolly secretion and the segmentation is also indicated by the 
same substance, as shown in pl. 8, fig. 1. The minute yellow 
young make their appearance early in July and soon settle for a 
time on the greener twigs and along the principal veins of the 
leaves. Occasionally a greenish twig will be almost yellow on 
account of the large number of young settled on it. In the 
autumn the back of the partly grown bark louse is covered with 
spiny processes which excrete a protective, whitish waxy matter. 
Most of the insects forsake the leaves at this time and settle for 
the winter in crevices of the bark. The females molt for the last 
time early in April, and the males spin their oval cocoons (pl. 8, 
fig. 2). The delicate, four winged reddish male is rarely seen, 
though of particular interest from its presenting a partially 
developed form known as the pseudimago. The latter was 
present in large numbers May 10, 1900, while the perfect males 
were not found till the 21st. 

Means of distribution. As the slender males only are winged, 
the insect is dependent largely on various outside agencies for 
its distribution. It has most probably been carried to Nevada, 
California and other distant localities on infested nursery stock, 
but this does not explain its general occurrence in such cities 
as Albany aud Troy. Its distribution in these two places, at 
least, appears to have been largely effected by the aid of the 
English sparrow and other birds; the active young can easily 
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crawl on the foot of a bird and thus be transported from one 
tree to’ another. Other insects may also to a certain extent 
transport them and some, falling with the leaves, might suc- 
cessfully make their way up another tree; the chances, however, 
are against the latter method. 


SECONDARY ATTACKS BY INSECTS 


It is well known to students of nature that an enfeebled tree 
apparently invites attack by certain insects which seem to find 


Fig. 1 Tremex columba: a, larva showing the Thalessa larva fastened to its side; b, head of 
larva; c, pupa of female; d, male pupa; e, adult female; all slightly enlarged. (After Riley, 
Insect life, v.1, fig. 39) 


in the unhealthy tissues conditions peculiarly fitted for their 
development. The ravages of the elm leaf beetle have encour- 
aged certain of these pests to a marked degree. One of the 
most common and injurious is known as the pigeon Tremex, 
Tremexcolumba Linn. This insect is a magnificent four 
winged fly about 2 inches long, with a wing spread of 2} inches 
and a prominent horn at the extremity of the abdomen from 
which it gets the common name of horn tail. It may be recog- 
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nized by its cylindric dark brown abdomen with yellow mark- 
ings as represented in fig. 1. : 

The female deposits her eggs in the trunks of sickly trees, 
where the larvae run large cylindric burrows. Many elms in 
both Albany and Troy show numerous holes caused in this way. 
This borer has a deadly parasite in the lunate long sting, 
Thalessa lunator Fabr. This beneficial insect is of 
great aid in keeping the Tremex under control. The remains 
of 18 ovipositors were found by the writer in the trunk of one 
smallelm. In their efforts to reach the numerous borers in the 
tree, the females had driven their long ovipositors so far into 
the wood that they were unable to withdraw them. 

Another insect which infests debilitated elms is known as the 
elm borer, Saperda tridentata Olivier. The larvae of 
this beetle run their burrows under the bark and in the sapwood 
of the trunk, not many penetrating to a greater depth than an 
inch. Their burrows frequently become so numerous as to 
girdle trees two or three feet in diameter. An infested elm may 
be recognized by the patches of unhealthy bark; in case of a 
bad infestation large pieces become loose and scale off easily. 
The beetle is usually less than 4 inch long, and of a dull slate 
color, with the thorax and wing-covers margined with dull 
orange (fig. 2). 


Fig. 2 Saperda tridentata (twice natural size) 
NATURAL ENEMIES OF ELM LEAF BEETLE 
The natural checks serving so well to keep thousands of 
insects under control which otherwise would be very destructive, 
are unable to reduce the numbers of this beetle to a relatively 
harmless figure. One of the more important natural agents is 
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the fungus Sporotrichum entomophilum Peck, 
which has been observed developing on many beetles in this city. 
Like the disease of the chinch bug caused by the allied fungus, 
Sporotrichum globuliferum Speg., the one attack- 
ing the elm leaf beetle requires moist atmosphere for its 
development. Beetles in close breeding jars, under the bark of 
trees or in similar damp places succumb readily to the disease. 
Climatic conditions are not ordinarily favorable to the rapid 
growth of this fungus, so it has a relatively slight value as a 
natural check on the elm leaf beetle. 

Several insects are known to prey on this pest, its pupa or 
its larva. Three beetles, Platynus punctiformis 
Say, Quedius molochinus Gray. and Chauliog- 
nathus marginatus Fabr., feed on this species as 
recorded by Riley. A fly, Cyrtoneura stabulans 
Fall., destroys many pupae in Washington. In this latitude 
the half grown larva of Podisus spinosus Dallas has 
been observed with an elm leaf beetle grub on its extended 
beak, and it probably preys extensively on the larvae, since in 
Washington all stages are known to attack it. Mr Kirkland 
has recorded two other species, Podisus serieventris 
Uhler and P. placidus Uhler as preying on this pest. He 
also found Stiretrus anchorago Fabr. feeding upon 
the larvae. A small capsid, Camptobrochis grandis 
Uhler, sucks the eggs. Larvae of lacewing flies, also called 
aphis lions, are frequently found on leaves with the young of 
the elm leaf beetle, and are reported by Riley to feed on both 
eggs and larvae. Mites have been observed by the writer near 
egg clusters that had suffered injury. This insect finds an 
enemy in the southern portion of its range in the praying 
Mantis, Stagmomantis carolina Linn. It is very 
probable that the European praying Mantis, Mantis 
religiosa Linn. recently established in a number of 
localities in the state through the efforts of the writer, will 
also prey on this injurious beetle. 

Though we have seen nothing of the kind in this vicinity, one 
gentleman affirms most positively that the English sparrow 
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feeds on the elm leaf beetle larvae, having repeatedly observed 
it picking them off the trunks of the trees. If the sparrow has 
this habit, it offsets to a certain extent its many bad features. 


REMEDIES 


The most satisfactory method of controlling this insect is by 
poisoning the foliage. The objection heretofore urged against 
this means has been the expense, and it still applies to a certain 
extent in the case of the private individual with but few trees 
to care for. Aside from the cost of the necessary apparatus, 
the operation of spraying even large shade trees is not so 
expensive as is commonly supposed; and valuable results may 
be obtained with a comparatively inexpensive outfit, though 
the cost for each tree may be increased. 

Cost of spraying elms. We have taken some pains to ascertain 
the precise cost of spraying a tree in the hope of encourag- 
ing those to whom the expense seems a serious item. It is 
pleasant to record that it is much lower than had been supposed 
previous to the time this bulletin was originally prepared; more 
recent data confirm the fact. Dr Smith, of the New Jersey- 
agricultural experiment station, kindly supplied the following 
data in 1898. The elms on the college campus at New Bruns- 
wick are 50 to 75 feet high and were sprayed at odd times by 
the janitors, about an hour being required by two with force 
pump, tank and ladders to treat one tree. The poison neces- 
sary for each spraying was worth about 6c. It will thus be seen 
that the cost for each tree would be between 36c and 56c, vary- 
ing with the price of labor. In New Brunswick the trees were 
sprayed at a contract price of $1 for the season, the understand- 
ing being that they were to receive three treatments if neces- 
sary. The contractor prepared the outfit, furnished the 
material, did the spraying at the price mentioned and had a 
neat margin remaining. 

The cost of spraying elms in Albany in 1898, aside from wear 
and tear of the apparatus, was about 15c a tree for each spray- 
ing. This average was based on one or two days work and 
probably would not hold for the season. It is very likely that 
it would have paid to give each tree a little more time, which 
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would have brought the average cost up somewhat. The elms 
of Albany range from 20 to about 70 feet in hight, though most 
of them are over 50. 

The average cost of one spraying in Albany in 1900 was about 
22c a tree. The spraying was done with an apparatus, to be 
described later, and under civil service regulations, which 
require men to work but eight hours a day. Two power spray- 
ing outfits under one foreman’s direction constituted the force. 
It would be possible in private work to reduce the force some- 
what and have one man do duty both as motorman and driver. 
A little more selection could also be exercised and possibly more 
efficient men secured than can usually be obtained under civil 
service regulations. 

Mr H. W. Gordinier of Troy found that in contract work in 
the village of Lansingburg, where he sprayed all the trees, the 
average cost a tree for each spraying was 23c. This figure, 
however, was raised considerably in his work in Troy where the 
trees were sprayed at the expense of private parties and there 
was necessarily much running hither and thither; under these 
conditions it ranged from 50c to 60c a tree, the cost depending 
on the size and the number in one locality. 

The saving in cost shown by the above figures, not to mention 
the greater benefit to the public, particularly in the poorer sec- 
tions of a city where shade trees are most needed and where 
they are usually neglected, is a strong argument in favor of 
such spraying operations being done under village and municipal 
authorities. The more general and thorough the work, the 
more satisfactory the results. 

Proper apparatus. In order to do this work successfully one 
must possess a force pump capable of throwing a stream some 
distance, a number of feet of hose and a nozzle that will dis- 
charge a rather fine spray. There must also be something to 
hold the poisonous mixture and a ladder facilitates the work 
of application greatly. 

One of the best arrangements for hand work is most probably 
found in the spraying outfit on wheels so that it can be readily 
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moved from place to place (pl. 6). In most cases this takes the 
form of a box or barrel to which a force pump is firmly attached, 
and is either provided with wheels or designed to be placed in 
a wagon. It is necessary to have 25 to 50 or more feet of 4 or 
4 inch hose when spraying tall trees, while the addition of a 
10 to 25 foot metal extension adds materially to the value of the 
apparatus. It is also necessary to have a good nozzle that will 
not clog, but will produce a fine spray and can be quickly ad- 
justed to throw a coarse spray some distance if necessary. 
Such an outfit is of great service to any individual having con- 
siderable spraying to do and it could undoubtedly be used to 
advantage by those desiring to make a business of spraying in 
a small way, as for example the treating of trees here and there 
for those in cities wishing their trees sprayed and not willing 
to purchase the necessary apparatus. 

In the extended work against this insect conducted by cities 
and villages it is desirable to have apparatus that will admit 
of more rapid work. This has led to the refitting of retired fire 
engines and the designing of more or less cumbersome outfits 
for the purpose. In all cases these makeshifts have been suc- 
cessful, though they are not so satisfactory in operation as 
those specially fitted for the purpose. One of the best forms 
of apparatus yet designed for spraying trees is that constructed 
under the direction of Dr E. B. Southwick, entomologist of the 
department of public parks of the city of New York. This is 
the form used in Albany. The whole outfit is represented on 
pl. 5. It consists of a Daimler gasoline motor operating a 
Gould force pump. The motor and pump, weighing but 300 
pounds, can be placed in the bottom of a spring wagon along 
with the 100 gallon ‘tank containing the poisonous mixture. 
This motor has the advantage of being almost noiseless in 
operation and is scarcely noticed by passing horses. It is very 
inexpensive to operate, as a gallon of gasoline is sufficient for 
a day, and it requires so little attention that a tyro can run it. 
The smallest size Gould three piston pump is the one used with 
the motor, though Dr Southwick now recommends a larger one 
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in order to utilize the power more fully. A complete power 
spraying outfit, aside from horse and wagon, should not cost 
over $500, the price naturally varying with market conditions 
and quality of materials used. Four lines of hose can easily 
be supplied though in most places in Albany not more than two 
can be used to advantage. 

Some other apparatus in addition to that usually supplied 
with spraying outfits is necessary. Several ladders or some 
convenient arrangement for getting up into trees is almost 
essential unless the spraying wagon has one of the elevating 
platforms such as are used by electric car companies on repair 
outfits. Two power spraying outfits constructed for the village 
of Saratoga in 1899 were provided with these elevating towers 
and these were found to be very effective and economical. The 
cost of spraying for the forest tent caterpillar which, by the 
way, need not be done so carefully as for the elm leaf beetle, 
was but 17ic a tree and considerable of this saving was at- 
tributed to the elevating towers. In this instance 5667 large 
maple trees were sprayed and practically all in the village were 
treated, thus enabling the operators to save time in every pos- 
sible manner. 

Time and manner of spraying. Though it is easy to state the 
proper time to spray, in many cases it is exceedingly difficult 
to have the recommendations properly carried out. The beetles 
feed in the early spring on the young foliage for a considerable , 
time before any eggs are developed and eat for a day or two 
between the deposition of the clusters. It therefore follows 
that if the partly unfolded leaves are sprayed at this time the 
beetles can be killed and the production of eggs prevented to a 
large extent. This is very desirable, for if at all numerous the 
beetles injure the foliage considerably. A number of arsenical 
poisons can be used in the control of this insect with very good 
results but the experiences of the last four years have demon- 
strated the great superiority of arsenate of lead for this work. 
This is a preparation made by combining acetate of lead and 
arsenate of soda. It may be prepared as follows: dissolve 11 
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ounces of acetate of lead in four quarts of water in a wooden 
pail and four ounces of arsenate of soda (50% purity) in two 
quarts of water in another wooden pail. As the acetate of lead 
dissolves rather slowly in cold water the process can be has- 
tened by using hot water. Pour the solutions in enough water 
to make 80 gallons. 

It was at first advised to prepare this poison in the manner 
indicated above but-the difficulty of getting chemicals of the 
same grade of purity year after year and the ease with which 
dealers in these substances may prepare this insecticide, has 
led to the introduction of several brands of arsenate of lead in 
the prepared paste form. These preparations have been found 
more convenient than the homemade article and generally 
speaking their use is advisable. The crystalline arsenate of 
lead is not in proper condition to use as an insecticide and 
therefore it is necessary to get the specially prepared article. 

The value of arsenate of lead over other poisons lies in its 
adhesiveness to the foliage—it frequently remains on the 
leaves nearly an entire season in spite of many rains—and in 
the fact that it can be applied in almost any amount without 
danger of injuring even the most delicate leaves. Paris green, 
london purple and similar arsenical poisons operate more 
quickly than arsenate of lead but they are also readily washed 
off by rains, and in the case of an insect like the elm leaf beetle, 
which feeds for an extended period, it is much better to apply 
the more adhesive preparation even though the cost be some- 
what greater. The necessary amount of prepared arsenate of 
lead is usually stated on the package and it varies somewhat 
with the method of manufacture. 

The first spraying, as stated above, should be given as soon 
as the leaves commence to develop and usually it will be neces- 
sary to repeat the treatment at the time the young larvae 
begin their work, though after the insect has once been brought 
well under control in a locality, possibly a single thorough 
spraying each year for the beetles may be sufficient. Experi- 
ence has shown that in a locality where all the elms are thor- 
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oughly sprayed it may not be necessary to treat them again for 
two years. 

The second spraying should occur at the time the young are 
beginning to hatch, which in this latitude is about the first week 
in June. The poison should be applied to the under surface of 
the leaves. This is because the larvae feed only very excep- 
tionally on the upper surface of the foliage or even break the 
upper epidermis. Consequently it is impossible to poison them 
unless the insecticide be thrown on the under surface. The 
larvae succumb to the poison more readily than the beetles and 
it is therefore not necessary to use so concentrated a mixture 
in the later sprayings. 

The necessity for subsequent sprayings depends largely on 
the manner in which the previous work has been done. Much 
depends on the man who holds the nozzle, even though he be 
under the eye of one who understands the business. The mix- 
ture should be applied evenly in a rather fine spray and so far 
as possible to every leaf. If the poison be applied thoroughly 
and at the right time, two sprayings should be ample to keep 
the beetle under control. Otherwise it may be necessary to 
spray for the second and even the third brood. The proper 
time for later arsenical sprayings must be determined by 
observation. The spraying for the second brood should be done 
in Albany and Troy about the latter half of July. 


A PALLIATIVE MEASURE 


It frequently occurs that for some reason spraying with 
poison can not be resorted to readily. The habits of this insect 
are such that at certain times large numbers can be destroyed 
with little labor, as has been pointed out year after year. But 
it is well to understand that such a measure is not a remedy 
in the true sense of the word; it is simply a palliative. Every- 
one interested in the welfare of his shade trees should at least 
destroy the thousands of larvae and pupae on the trunks or 
around the base of infested elms. If the base of the trees, their 
surroundings and other adjacent shelters be thoroughly 
drenched with boiling water or sprayed with kerosene, kero- 
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sene emulsion or some similar preparation, thousands of these 
insects can be killed. As it requires six or seven days for the 
larvae to pass through the pupal stage to beetles, this 
operation need not be performed oftener than once in five days 
to insure the destruction of all that have pupated within reach 
of such a measure. The nearly simultaneous descent of the 
grubs is very favorable to this way of checking the insect and 
reduces the necessary labor to a minimum. To make this 
method more effective, it has been recommended to inclose 
a limited smooth area around each infested tree, preferably 
cemented, boards being arranged to prevent the larvae from 
escaping to shelters where they could less easily be destroyed. 
Such an inclosure might be advisable around small trees with 
relatively smooth bark and no overhanging limbs, but it would 
hardly pay to treat larger trees thus on account of the large 
number of larvae pupating in the crevices of the bark or drop- 
ping from the tips of overhanging limbs. The great objection 
to fighting the insect at this stage is that the injury has already 
been accomplished, but to do even this is much better than to 
allow it to go on unchecked, because it must have some influence 
on the future abundance of the beetle. The destruction of 
larvae and pupae around the base of the trunk may well be 
undertaken to supplement the spraying and thus secure the 
destruction of the largest possible number of the insects. 


USELESS MEASURES 


Though the life history of this beetle is well known, at least 
to entomologists, it is surprising how people will cling to some 
false idea, gained they know not where, of the method of fight- 
ing this or some other insect. One of the most persistent of 
these fallacies is that cotton placed around the trunk will pro- 
tect a tree from the elm leaf beetle. Under certain conditions 
a band of cotton, tar or other substance will protect trees from 
some insects, but never from the elm leaf beetle. It should be 
understood that the parent insect flies up into the tree, feeds 
for a time and then lays the eggs from which the grubs emerge 
to commence their injurious work. The band can not have the 
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slightest influence in protecting the elm. It is only when the 
grubs are full grown that they are found on the trunks and 
then only on their way to seek shelter on the ground during 
pupation. Ifa band of any kind blocks the way to the ground 
they may transform on the tree or even in the meshes of the 
cotton band and fly away later. If the band is of tar or sticky 
fly paper large numbers of the grubs may be caught on its sur- 
face, but there will hardly be enough to pay for the trouble 
incurred. 

Another so called remedy for the elm leaf beetle consists in 
boring a hole to some depth in the trunk, nearly filling it with 
sulfur or other preparation and then inserting a plug. This 
method of treatment or some modification of it is being brought 
forward every few years as one of the “sure cures.” The 
destruction accomplished by the elm leaf beetle has encouraged 
at least one unscrupulous firm to advertise a modification of 
this method as a sure cure. The Elm inoculation company in 
1895 treated many elms in Connecticut and 150 for one man in 
Westchester county, N. Y., charging 50c or more a tree. Chem- 
ical analysis showed their secret preparation to be nothing of 
value. This or any similar treatment may well be regarded 
suspiciously by any would-be investor. It is hardly necessary 
to add that such a remedy has no basis in scientific fact and 
similar recommendations should not.be heeded unless they come 
through such channels that their authenticity can not be 


doubted. 
REMEDIES FOR ASSOCIATED INSECTS 


The elm bark louse belongs to Hemiptera, that large order 
of insects which take food only by suction through a fine pro- 
boscis from the underlying tissues. It is easily seen therefore 
that a poison applied externally to the tree, as for example 
paris green, would have no effect on this pest. The best rem- 
edy is one of the contact insecticides, preferably kerosene 
emulsion or whale oil soap solution. This should be sprayed 
on the under surface of infested limbs and foliage when the 
tender young are appearing. Kerosene emulsion may be pre- 
pared by dissolving a half pound of hard soap in a gallon of 


30 NEW YORK STATE MUSEUM 


boiling water; while yet hot add two gallons of kerosene and 
emulsify thoroughly by passing it rapidly through a force pump 
till it is white and has a creamy consistency. For the young, 
one part of this emulsion to 10 parts of water should be effec- 
tive. Whale oil soap solution may be used in the same manner, 
a pound of the soap being dissolved in four gallons of water. 
These preparations could be applied in the autumn after the 
dropping of the leaves, but in this case the solutions should be 
about four times as strong. Small trees may be cleaned with 
a stiff brush, which might be made more effective by dipping 
it in one of the above solutions from time to time. 

Preventive measures against borers are of much more impor- 
tance than any remedies that can be applied. The trees should 
be kept in as vigorous a condition as possible and careful 
watch maintained for the first signs of boring, indicated by the 
detached grains of wood popularly termed “sawdust.” When 
indications of their presence are found the larvae should be 
dug out if possible. A badly infested tree should be cut down 
and burned to prevent the insects from developing and the 
adults from making their way to other trees. 
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EXPLANATION OF PLATES 
PLATE 1! 
Elm leaf beetle 
Fie, Galerucella luteola Miller 


1 Cluster of eggs, much enlarged 

la Side view of single egg, still more enlarged 

2 Recently hatched larva or grub, much enlarged 

3 Full grown larva or grub, much enlarged 

Pupa, much enlarged 

Overwintered beetle, much enlarged 

Fresh, brightly colored beetle, much enlarged 

Leaf showing eating of larvae or grubs and a few holes 
eaten by beetlés, eggs in-clusters, cast larval skins and 


NAD Oo fF 


full grown larvae, natural size 


1 Executed from nature, under the author's direction, by Mr L. H. Joutel of New York city, and 
reproduced from the 5th report of the commissioners of fisheries, game and forests through the 
courtesy of the commissioners. 
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FIG. , 
8 Leaf nearly skeletonized by grubs or larvae and on it two 
cast larval skins, natural size 
9 Leaf showing holes eaten by beetles, natural size 


PLATR 2 
Upper austral life zone in New York state, which is the area 
likely to become infested by the elm leaf beetle 
PLATE 3 


Work of elm leaf beetle on Elm street, Albany, taken 15 June 


1898. 
: PLATH 4 


Work of elm leaf beetle on Jacob street, Troy, taken 15 June 


1898. 
PLATH 5 


Power spraying outfit at work in Albany, taken 15 June 1898 


PLATR 6 


Hand spraying outfit at work in Albany, taken 15 June 1898 
PLATE 7 


1 Work of elm leaf beetle larvae, showing characteristic 
skeletonizing 
2 Work of elm leaf beetles, showing characteristic holes 
(original) 
PLATE 8 
Gossyparia ulmi Geoff. 
1 Females, slightly enlarged 
2 Cocoons of males, three times natural size 


PLATE 1 


sa 
pay 


L. H. Joutel, 1900 ELM LEAF BEETLE James B Lyon, State Printer 


(Reprint from 5th report of commissioners of fisheries, game and forests.) 


Plate 2 
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Upper austral life zone in New York state, which is the area likely to become infested by the elm leaf 


beetle (After Lintner) 


Plate 3 


Work of elm leaf beetle on Elm street, Albany Photo 15 June 1898 


Plate 4 


Photo 15 June 1898 


Work of elm leaf beetle on Jacob street, Troy 
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Plate 6 


Hand spraying outfit in operation Photo 15 June 1898 


Plate 7 


ss 


Plate 8 


Elm bark louse 


INDEX 


Albany, injury to elms by elm leaf 
beetle, 4-5, 7, 16, pl. 8; Gossyparia 
in, 17, 18; injuries by pigeon 
Tremex, 20; cost of spraying at, 
22-23; hand spraying outfit at 
work in, pl. 6; power spraying 
outfit at work, pl. 5. 

American elm attacked, 16, 17. 

americana, Ulmus, attacked, 16, 17. 

Amherst, Mass. beetle in, 8; Gossy- 
paria in, 17. 

anchorago, Stiretrus, 21. 

Aphis lions, 21. 

Arsenate of lead, 25. 

Arsenical poisons, 25. 

asparagi, Crioceris, 4. 

Asparagus beetle, 4. 

Attics, hibernation of beetles in, 10. 

Atwater, W. O., cited, 34. 

Austria, beetle injurious in, 6. 

Averill park, beetle in, 7. 

Ayer, Mass., beetle in, 8. 


Baltimore Md., beetle injurious at 
in 1838, 6. 

Bands, of cotton, 28; of tar, 28. 

Barnard, W. §., cited, 34. 

Basket industry injured by cotton- 
wood leaf beetle, 4. 

Beckwith, M. H., cited, 7, 34. 

Bibliography, 30-37. 

Birds carrying Gossyparia, 18-19. 

Blackening of trees by Gossyparia 
and fungus, 17. 

Blake, H. T., cited, 37. 

Boiling water, 27. 

Boston, Gossyparia in, 17. 

Britton, W. E., cited, 35, 37. 

Bruner, L., cited, 34. 

Burlington Vt., Gossyparia in, 17. 

Burrows of pigeon Tremex, 20. 


campestris, Ulmus attacked, 16. 

Camptobrochis grandis, 21. 

Capitol, hibernation of beetles in, 
10. 


Ses 


Carman, BE, S., cited, 34, 

carolina, Stagniomantis, 21. 

Carson City Nev., Gossyparia in, 17. 

Cayuga lake, in upper ausiral life 
zone, 8. 

Charlotte N. C., beetle not known 
farther south, 7. 

Chauliognathus marginatus, 21. 

Chinch bug, 21. 

Chittenden, I’. H., cited, 34, 

Chrysomelidae, 4. 

Clarkson, F., cited, 33. 

Climate favorable to beetle, 8. 

Coleoptera, 4. 

Colorado potato beetle, 4. 

columba, Tremex, described, 19. 

Coniothecium saccharinum, a fun- 
gus, 17. 

Connecticut, beetle in, 8. 

Continued breeding of beetle, 14. 

Cock, A. J., cited, 33. 

Cooley, R. A., cited, 35. 

Cost of spraying elms, 22-23. 

Cottonwood leaf beetle, 4. 

Grioceris asparagi, 4. 

Cucumber beetle, striped, 4, 8. 

Cyrtoneura stabulans, 21. 


Daimler gasolene motor, 24. 
Date of beetle’s occurrence along 
the Hudson, 7. ; 
decem-lineata, Doryphora, 4. 
Descent of larvae, 15. 
Destruction of larvae and pupae at 
base of trees, 27. 
Diabrotica, 12 punctata, 4. 
vittata, 4, 8. 
diabrotica, 12-spotted, 4. 
Dimmock, G., cited, 33. 
doryphora, 10 lineata, 4. 
duodecim-punctata, Diabrotica, 4. 
Dyar, H. G., cited, 34. 


Egg stage of elm leaf beetle, dura- 
tion of, 10. 
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Eggs of elm leaf beetle, described, 
9-10; abundant in Sep., 14. 

Electric cars, probably transporting 
beetle, 7. 

Fievating towers, 25. 

Elm bark borer, description and life 
history, 18. 

Elm bark louse distribution, 17; 
means of distribution, 18-19; 
honey dew secreted by, 17; an im- 
ported insect, 17; injurious na- 
ture, 17-18; remedies for, 29. 

Elm borers, 20; remedies, 30. 

Elm inoculation company, 29. 

Elm leaf beetle, an associated in- 
sect, 17-19; bad reputation of its 
family, 4; bands of cotton, tar or 
other substances not recom- 
mended, 28; bibliography, 30-37; 
breeding late in autumn, 14; de- 
scription, 8-10; disinclination to 
fly, 15; distribution, 6-8; eggs, 9; 
record of deposition of eggs, 11- 
18; elms, species attacked by, 16- 
17; Englisn sparrows feeding on, 
21-22; fresh foliage attractive to 
beetle, 18; fungus disease, 21; 
number of generations, 14; second 
brood, development of, 13; third 
generation, 14; habits of beetle 
and larvae, 14-16; hibernation of 
beetles, 10; injuries will probably 
be continuous, 6; larva, 9; descent 
of larvae of first brood, 13; 
larvae, explanation of plate, 38; 
life history, 10-14; natural ene- 
mies, 20-22; notorious pests be- 
longing to its family, 4; numbers 
on trunk, 15; oviposition of, 10; 
a palliative measure, 27-28; places 
of pupation, 15; explanation of 
plate, 37-38;-probable limits of its 
spread, 8; prolificacy, 10; pupae 
found Noy. 7 and 16, 14; ravages 
along the Hudson, 4; remedies, 
22-27; spraying, 22-27; spreads 
very slowly, 15; tender leaves 
preferred, 15; useless measures, 
28-29, 

Elmira, beetle in, 7. 


Elms, inaction means death to, 6; 
injuries to, 4; plugging with sul- 
fur, 29; not protected by bands, 
28; Saperda tridentata attacking, 
20; species attacked, 16-17; cost of 
spraying, 22-23; Tremex columba 
attacking, 19. 

Emmons, E., cited, 31. 

English elm, suffers severely, 16. 

English sparrow, carrying Gossy- 
paria, 18-19; feeding on beetle 
larvae, 21-22. 

entomophilum, Sporotrichum, 21. 

Europe, beetle common over large 
portion of, 6. 

European elms defoliated, 15, 16, 


17. 
European praying Mantis, 21. 
Explanation of plates, 37-38. 


Fabricius, J. C., cited, 30. 
Falconer, W., cited, 33. 
Feeding habits of beetle, 14-16. 
Felt, KE. P., cited, 35-37, 
Fernald, C. H., cited, 34. 
Fernald, H. T., cited, 37. 
Fitch, Asa, cited, 31. 
Forest tent caterpillar, 
spraying for, 25. 
France, beetle injurious in southern 
portion, 6. 
Fremd, Charles, mentioned, 17. 
Fuller, A. S., cited, 31. 
Fungus growing in honey dew, 17. 


eost of 


Galerucella luteola, see Elm leaf 
beetle. ‘ 

Garman, Harrison, cited, 37. 

Germany, beetle injurious in south- 
ern portion, 6. 

globuliferum, Sporotrichum, 21. 

Glover, T., cited, 31. 

Gordinier, H. W., on cost of spray- 
ing, 23. 

Gossyparia ulmi, 17; explanation of 
plate, 38. 

Gould force pump, 24. 

grandis, Camptobrochis, 21. 

Graves, H. S., cited, 37. 
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Greenwich, beetle in, 7. 
Groton, beetle in, 8. 


Hamilton, J., cited, 34. 

Harris, T. W., cited, 31. 

Hastings, beetle in, 7. 

Henshaw, &., cited, 33. 

Honey dew secreted by Gossyparia, 
17. 

Hoosick Falls, beetle in, 7. 

Hose for spraying, 28. 

Howard, L. O., cited, 6, 7, 17, 34. 

Hudson, beetle in, 7. 

Hudson river, injuries to elms 
along, 4; progress of beetle up, 7. 

Hulst, G. D., cited, 33. 


_Inclosing base of trees, 28. 
Insects transporting Gossyparia, 19. 
Introduction of beetle in this coun- 
try, 6. 
Italy, beetle injurious in, 6. 


Jenkins, E. H., cited, 37. 
Johnson, W. G., cited, 35. 


Kentucky, beetle in, 7. 

Kerosene, spraying with, 27. 

Kerosene emulsion, spraying with, 
10, 29; methods of preparation. 
29-30. 

Kirkland, A. H., cited, 8, 21, 37. 


Lacewing flies, 21. 

Ladders, 25. 

Lansingburg, ravages of beetle in, 
16; cost of spraying at, 23. 

Larvae, abundant in Oct., 14; de- 
scent of first brood, 13; described, 
9-10; developing on old leaves, 14; 
dropping from overhanging limbs, 
16; places of pupation, 15; second 
brood, 13. 

Le Conte, J. L., cited, 31. 

Life history of elm leaf beetle, 10- 
14; Gossyparia, 18. 

Life zone, upper austral, 8, pl. 2. 

Lina scripta, 4. 

Linnaeus, C., cited, 30. 


Lintner, J. A., mentioned, 4; cited, 
82-33. 

Lockwood, S., cited, 31. 

London purple, 26. 

Long Island, included within upper 
austral life zone, 8. 

Long sting, lunate, 20. 

Lugger, Otto, cited, 37. 

lunator, Thalessa, 20. 

luteola, Galerucella, see Elm leaf 
beetle. 


MacLellan, Alex., cited, 37. 
Mantis religiosa, 21. 
marginatus, Chauliognathus, 21. 
Marlatt, C. L., cited, 35. 
Massachusetts, beetle in, 8. 
Maynard, W., cited, 35. 
Mechanicville, beetle in, 7. 
Michigan agricultural college, Gos- 
Syparia at, 17. 
Mites near eggs, 21. 
Mohawk valley, beetle in, 7. 
molochinus, Quedius, 21. 
montana, Ulmus, attacked, 16. 
Miiller, M., cited, 30. 


Natural enemies of elm leaf beetle, 
20-22. 

New Baltimore, beetle in, 7. 

New Brunswick N. J., but one 
brood, 14; cost of spraying at, 22. 

New Haven Ct., necessity of spray- 
ing for beetle in, 6. 

New Jersey, necessity of spraying 
for beefle in, 6. 

New York city, necessity cf spray- 
ing for beetle in, 6. 

Newburg, beetle in, 7. 

Nozzle for spraying, 28. 

Nursery stock, Gossyparia on, 17, 
18. 


Ogdensburg, Gossyparia in, 17. 

Old leaves, larvae developing on, 14. 

Olivier, A. G., cited, 30. 

Oneida lake, in upper austral life 
zone, 8. 

Oswego, beetle in, 7. 
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Outhouses, hibernation of beetles in, 
10. 

Oviposition of beetle long continued, 
10. 


Packard, A. 8., cited, 32. 
Palliative measure, 27-28. 

-Palo Alto Cal., Gossyparia in, 17. 
Parasites of beetle not effective, 6. 
Paris green, 10, 26. 

Perkins, G. H., cited, 34. 
Pigeon Tremex, 19. 
Plates, explanation of, 37-388. 

placidus, Podisus, 21. 

Platynus punctiformis, 21. 
Podisus spinosus, 21. 
placidus, 21. 
serieventris, 21. 
Potato beetle, 4. 
Poughkeepsie, beetle in, 7. 
Praying Mantis, 21. 
European, 21. 
Predatory enemies of beetle not 
abundant, 6. 
Preventive measures, see Remedies. 
Prolificacy of beetle, 10. 
Pump for spraying, 23, 24. 
punctiformis, Platynus, 21. 


Quedius molochinus, 21. 


Rathvon, S. S., cited, 31. 

Record of egg deposits, 11-13. 

Reither, H., cited, 34. 

religiosa, Mantis, 21. 

Remedies, for associated insects, 
29-30; boiling water, 27; destruc- 
tion of larvae and pupae, 27; for 
elm leaf beetle, 22-27; imclosing 
base of trees, 28; kerosene, 10, 27, 
29; poisoning foliage, 22; spraying 
with poisons, 22-27, 29-30; proper 
apparatus for spraying, 23-25; 
cost of spraying, 22-23; whale oil 
soap, 29. 

Rensselaer county, beetle in, 7. 

Rhode Island, beetle in, 8. 

Riley, C. V., cited, 31. 

Rochester, injuries by cottonwood 
leaf beetle in vicinity, 4; elm leaf 
beetle in, 7. 

Rye, Gossyparia discovered at, 17. 


saccharinum, Coniothecium, a fun- 
gus, 17. 

Salem, Mass., beetle in, 7; beetle 
found north of, 7. 

Sandlake, beetle in, 7. 


Saperda tridentata, 20; figured, 


Sea beetle in, 7; near northern 
limit of upper austral life zone, 8. 

Sargent, C. S., cited, 35. 

Schenectady beetle in, 7. 

Schiedt, R. C., cited, 35. 

Schrank, F. P., cited, 30. 

Schuylerville, beetle in, 7. 

Scotch elms, larvae feeding on Oct., 
14; attacked, 16, 17. 

scripta, Lina, 4. 

Secondary attacks encouraged by 
elm leaf beetle, 19-20; by pigeon 
Tremex injurious, 19; by elm 
borers injurious, 20. 

Seneca lake, in upper austral life 
zone, 8. 

serieventris, Podisus, 21. 

Sheldon, C. S., cited, 7. 

Sirrine, I". A., cited, 37. 

Slingerland, M. V., cited, 34. 

Smith J. B., cited, 14, 33; on cost of 
spraying, 22. 

Southwick, E. B., spraying ap- 
Eee designed by, 24; cited, 


spinosus, Podisus, 21. 
Sporotrichum entomophilum, 21. 
globuliferum, 21. 

Spraying, superiority of arsenate of 
lead, 25; cost of, 22-23; of elm leaf 
beetle, 18, 22-27; for forest tent 
eaterpillar, cost of, 25; hand ap- ’ 
paratus, 23-24; with kerosene, 27; 
with kerosene emulsion, 10, 29; 
with paris green, 10, 26; power 
apparatus, 24; proper apparatus, 
23-25; under surface of leaves, 27; 
time and manner, 25-27; with 
whale oil soap, 29. 

Spring, appearance of beetles in, 
10. 

Springfield Mass., beetle in, 8. 

stabulans, Cyrtoneura, 21. 

Stagmomantis carolina, 21. 
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Staten Island, included within up- 
per austral life zone, 8. 

Stillwater, beetle in, 7. 

Stiretrus anchorago, 21. 

Stone, H. B., cited, 31. 

Sturgis-Britton, cited, 35. 

Sulfur, plugging trees with, 29. 

Syracuse, injuries by cottonwood 
leaf beetle in vicinity, 4. 


Taft-Davis, cited, 35. 

Thalessa lunator, 20. 

Tremex columba described, 19; fig- 
ured, 19; injuries to elms, 20. 

tridentata, Saperda, 20. 

Troy, beetle in, 5, 7, 16, pl. 4; cost 
for spraying at, 28; eggs numer- 
ous in Sep., 14; Gossyparia in, 
17, 18; injuries by pigeon Tremex, 
20. 


ulmi, Gossyparia, 17. 

Ulmus americana attacked, 16. 
campestris attacked, 16. 
montana attacked, 16. 


Upper austral life zone, area in 
N. Y. state included within, 8; 
beetle limited thereby, 8, pl. 2. 

Useless measures, 28-29. 


Van Wagenen, G. H., cited, 33. 
vittata, Diabrotica, 4, 8. 


Washington D. C., continued in- 
jury by beetle in, 6; Gossyparia 
in, 17. 

Washington Park, beetle in, 15. 

Watervliet, elm leaf beetle in, 5, 16- 
17. 

Webster, F. M., cited, 7, 35. 

Weed, C. M., cited, 34. 

Weigel, W., cited, 35. 

Westwood, J. O., cited, 31. 

Whale oil soap, 29, 30. 

Wickham, H. F., cited, 35. 


‘Willow growing districts, injuries 


by cottonwood leaf beetle, 4. 
Worcester, beetle in, 8. 
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MUSEUM PUBLICATIONS 

Any of the University publications will be sold in lots of ro or more at 
20% discount. When sale copies are exhausted, the price for the few 
reserve copies is advanced to that charged by secondhand booksellers to 
limit their distribution to cases of special need. Such prices are inclosed 
in brackets. 

All publications are in paper covers, unless binding is specified. 


Museum annual reports 1847-date. Al in print to 1892, soc a 
volume, 75¢ in cloth » 1892-date, 75¢, cloth. 
These reports are made up of the reports of the director, geologist, paleontolo- 
gist, botanist and entomologist, and museum bulletins and memoirs, issued as 
advance sections of the reports. 


Geologist’s annual reports 1881-date. Rep’ts 1, 3-13, 17—-date, O.; 

2, 14-16, Q. 

The annual reports of the early natural history survey, 1836-42 are out of print. 

Reports 1-4, 1881-84 were published only in separate form. Of the 5th report 
4 pages were reprinted in the 39th museum report, and a supplement to the 
6th report was included in the 40th museum report. The 7th and subsequent 
reports are included in the 41st aud following museum reports, except that 
certain lithographic plates in the 11th report (1891), 13th (1893) are omitted 
from the 45th and 47th museum reports. 

Separate volumes of the following only are available. 


Report Price Report Price Report Price 
12 (1892)  $.50 16 $1 19 $.40 
14 15, 17 75 20 50 
15 1 18 15 


In 1898 the paleontologie work of the State was made distinct from the geo- 
logic and will hereafter be reported separately. 


Paleontologist’s annual reports 1899-date. 


See fourth note under Geologist’s annual reports. 

Bound also with museum reports of which they form a part. Reports for 1899 
and 1900 may be had for 20c each, Beginning with 1901 these reports will 
be issued as bulletins. 


Botanist’s annual reports 1869-date. 


Bound also with museum reports 22-date of which they form a part; the first 
botanist’s report appeared in the 22d museum report and is numbered 22, 

Reports 22-41, 48, 49, 50 and 52 (Museuw bulletin 25) are out of print; 42-47 
are inaccessible. Report 51 may be bad for 40c; 53 for 20c; 54 for 50c. 
Beginning with 1901 these reports will be issued as bulletins. : 

Descriptions and illustrations of edible, poisonous and unwholesome fungi of 
New York have been published in volumes 1 and 3 of the 48th museum report - 
and in volume 1 of the 49th, 51st and 52d reports. The botanical part of the 51st 

- is available also in separate form. The descriptions aud illustrations of edible 

and unwholesome species contained in the 49th, 51st and 52d reports have been 
revised and rearranged, and combined with others more recently prepared and 
constitute Museum memoir 4. 


Entomologist’s annual reports on the injurious and other insects 
of the State of New York 1882-date. 


Bound also with museum reports of which they form a part. Beginning with 
1898 these reports have been issued as bulletins. Reports 3-4 are out of print, 
other reports with prices are: 


Report Price Report Price Report Price 
a 1 = $.50 *8 $.25 13 $.10 

2 30 9 25 14 (Mus. bul. 23) .20 

5 D5 10.85 i5( BL) 15 

6 15 11 125 16 ( ee 36) .25 

7 .20 12 225 Ig “44 53) .30 


Reports 2, 8-12 may also be obtained bound separately in cloth at 25¢ in 
addition to the price given above. 
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Museum bulletins 1887—-date. O. Zo advance subscribers, $2 a year 
or 50¢ a year for those of any one division: (1) geology, including 
economic geology, general zoology, archeology and mineralogy, (2) paleon- 
tology, (3) botany, (4) entomology. 


Bulletins are also found with the annual reports of the museum as follows: 


Bulletins Report Bulletins Report Bulletins Report 
12-15 ~ 48, v.1 20-25 52,v.1 35-36 54, v. 2 
16-17 50 * 26-31 53 ‘ 387-44 v8 
18-19 51 ‘ 32-34 54 ‘ 45-48 «ow 


The letter and figure in parentheses after the bulletin number indicate the di- 
vision and series number. G=geology, EG=economic geology, Z=general 
zoology, A=archeology, M=mineralogy, P=paleontology, B=botany, E=ento- 
mology, Misc=miscellaneous. 


Volume 1. 620s. $1.50 in cloth 

I (Zr) Marshall, W: B. Preliminary List of New York Unionidae. 
2op. Mar. 1892. 5¢. 

2 (Br) Peck, C:H. Contributions to the Botany of the State of New 
York. 66p.2pl. May 1887. [35¢] 

3 (EG1) Smock, J: C. Building Stone in the State of New York. 
152p. Mar. 1888. Out of print. 

4 (M1) Nason, F. L. Some New York Minerals and their Localities. 
2op. pl. Aug. 1888. 4c. 

5 (Er) Lintner, J. A. White Grub of the May Beetle. 32p. il. Nov. 
1888. roc. 

6 (E2) 


Cut-worms. 36p.il. Nov. 1888. zoe. 


Volume 2. 4 os. [$1.50] in cloth 
7 (EG2) Smock, J: C. First Report on the Iron Mines and Iron Ore 
Districts in New York. 6+70p. map. June 1889. Out of print. 
8 (Bz) Peck,C: H. Boleti of the United States. g6p. Sep. 1889. [soc] 
9 (Zz) Marshall, W: B. Beaks of Unionidae Inhabiting the Vicinity 
of Albany, N.Y. 24p. ipl. Aug. 1890. oc. 

10 (EG3) Smock, J: C. Building Stone in New York. 2rop. map. 

tab. Sep. 189¢. oc. 
Volume 3. 5 xos. 

Ir (EG4) Merrill, F: J. H. Salt and Gypsum Industries in New York. 
g2p. 12pl.2maps, 11 tab. Ap. 1893. oc. 

12 (EGs) Ries, Heinrich. Ciay Industries of New York. 174p. 2pl. 
map. Mar. 1895. 300. 

13 (E3) Lintner, J. A. Some Destructive Insects of New York State; 
San José Scale. s4p. 7pl. Ap. 1895. z5¢. 

14 (Gr) Kemp, J. F. Geology of Moriah and Westport Townships, 
Essex Co. N. Y., with notes on the iron mines. 38p. 7pl. 2 maps. 
Sep. 1895. oc. , 

15 (EG6) Merrill, F: J. H. Mineral Resources of New York. 224). 
2maps. Sep. 1895. oe. 


Volume 4 
16 (Ar) Beauchamp, W: M. Aboriginal Chipped St Impl 
of New York. 86p. 23pl. Oct. cer, ae Bettayer oi 
17 (EG7) Merrill, F: J. H. Road Materials and Road Building in 


New York. sz2p. 14pl. 2 maps 68 
Maps separate Eo poe for oe ne ore ee 


18 (A2) Beauchamp, W: M. Polished Stone Articles used by the New 
York Aborigines. rogp. 35pl. Nov. 1897. 25¢. 


{ 
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19 (G2) Merrill, F: J. H. Guide to the Study of the Geological Col- 
lections of the New York State Museum. 16z2p. r1gpl. map. 
Nov. 1898. 40. 

Volume 5 

20 (E4) Felt, E. P. Elm-leaf Beetle in New York State. 46p. il. spl. 
June 1898. 5c. 

21 (G3) Kemp, J. F. Geology of the Lake Placid Region. 24p. rpl. 
map. Sep. 1898. 5c. 

22 (A3) Beauchamp, W: M. Earthenware of the New York Ab- 
origines. 78p. 33pl. Oct. 1898. 25¢. 

23 (Es) Felt, E. P. 14th Report of the State Entomologist 1898. 
r5op, il. gpl. Dec. 1898. 200. 

24 (E6) —— Memorial of the Life and Entomologic Work of J. A. 
Lintner Ph.D. State Entomologist 1874-98 ; Index to Entomologist’s 
Reports 1-13. 316p.1pl. Oct. 1899. 35¢. 

Supplement to 14th report of the State entomologist. 

25 (B3) Peck, C: H. Report of the State Botanist 1898. 76p. spl. 

Oct. 1899. Out of print. 


Volume 6 


26 (E7) Felt, E. P. Collection, Preservation and Distribution of New 
York Insects. 36p.il. Ap. 1899. 4c. 


27 (£8) —— Shade-tree Pests in New York State. 26p. il. spl. May 
1899. 5¢. . 

28 (B4) Peck, C: H. Plants of North Elba. z206p. map. June 1899. 
206. 


29 (Z3) Miller, G. S. jr. Preliminary List of New York Mammals. 
t24p. Oct. 1899. 15¢. 

30 (EG8) Orton, Edward. Petroleum and Natural Gas in New York. 
136p. il. 3 maps. Nov. 1899. L5¢. 

31 (Eg) Felt, E. P. xsth Report of the State Entomologist 1899. 
128p. June 1g00. 5c. 

Volume 7 

32 (A4) Beauchamp, W: M. Aboriginal Occupation of New York. 
Igop. 16pl. 2 maps: Mar. 1900. 3o¢. 

33 (Z4) Farr, M.S. Check List of New York Birds. 224p. Ap.1go0. 25¢. 

34 (Pr) Cumings, E. R. Lower Silurian System of Eastern Mont- 
gomery County; Prosser, C: S. Notes on the Stratigraphy of Mo- 
hawk Valley and Saratoga County, N. Y. 74p. ropl. map. 
May 1g00. 15¢. ‘ : 

35 (EGo) Ries, Heinrich. Clays of New York: their Properties and 
Uses. 456p. 140pl. map. June 1900. $1, cloth. ; 

36 (Exo) Felt, E. P. 16th Report of the State Entomologist 1900. 
118p.16pl. Mar. 1gor. 25¢. 


5 Volume 8 
37 (E11) Catalogue of Some of the More Important Injurious and 
Beneficial Insects of New York State. 54p.il. Sep. 1900. 0c. 
38 (Zs) Miller, G.S.jr. Key to the Land Mammals of Northeastern 
North America. 106p. Oct. 1900. Z5¢. | : 
39 (Pz) Clarke, J: M.; Simpson, G: B. & Loomis, F: B. Paleontologic 
Papers 1. 72p.il. 16pl. Oct. 1g00. I5¢. 
Contents: Clarke, Ji M. A Remarkable Occurrence of Orthoceras in the 
Oneonta Beds of the Chenango Valley, N. Y. 
——Paropsonema Cryptophya; a Peculiar Echinoderm from the Intumescens- 
zone (Portage Beds) of Western New York. : - 
—— Dictyonine Hexactinellid Sponges from the Upper Devonie of New York. 
— The Water Biscuit of Squaw Island, Canandaigua Lake, N. Y. 
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Simpson, G: B. Preliminary Daseriptions of New Generaof Paleozoic Rugose 
Loomis FB. Silurie Fungi from Western New York. 

40 (Z6) Simpson, G: B. Anatomy and Physiology of Polygyra Albola- 
bris and Limax Maximus and Embryology of Limax Maximus. 
82p. 28pl. Oct. 1901. 25¢. ; 

41 (As) avr ennd W: M. Wampum and Shell Articles used by 
New York Indians. 166p. 28pl. Mar. 1gor. 30¢. 

42 (P3) Ruedemann, Rudolf. Hudson River Beds near Albany and 
their Taxonomic Equivalents. 3114p: 2p map. Ap. 1901. 25¢. 

43 (Z7) Kellogg, J. L. Clam and Scallop Industries of New York. 

6p. 2pl.map. Ap. 1g01. Zoe. ; 

44 (G10) Ries, Heinrich. Lime and Cement Industries of New York ; 
Eckel, E. C. Chapters on the Cement Industry. Jn press. 


Volume g 


45 (P4) Grabau, A.W. Geology and Paleontology of Niagara Falls and 
Vicinity. 286p.il.18pl.map. Ap.1gor. 65¢, cloth goc. ; 

46 (E12) Felt, E. P. Scale Insects of Importance and a List of the 
Species in New York. 4p. il. r5pl. June rgoz. 25¢. ; 

47 (E13) Needham, J. G. & Betten, Cornelius. “Aquatic Insects in the 
Adirondacks. 234p.il. 36pl. Sep. 1901. goc. . 

48 (G4) Woodworth, J.B Pleistocene Geology of Nassau County and 
Borough of Queens. 58p.il gpl. map. Dec. 1gor. age. 


Volume 10 


49 (P5) Ruedemann, Rudolf; Clarke, J: M. & Wood, Elvira. Paleonto- 

logic Papers 2. 240p.13pl. Dec. 1901. oe: 

Contents: Ruedemann, Rudolf. Trenton Couglomerate of Rysedorph Hill. 

Clarke, J: M. Limestones of Centraland Western New York Interbedded with 
Bituminous Shales of the Marcellus Stage. 

Wood, Elvira, Marcellus Limestones of Lancaster, Erie Co. N. Y. 

Clarke, J: M. New Agelacrinites. 

—— Value of Amnigenia as an Indicator of Fresh-water Deposits during the 
Devonic of New York, Ireland and the Rhineland. 


50 (A6) Beauchamp, W: M. Horn and Bone Implements of the New 
York Indians. 1132p. 43pl. Mar. 1g02. 3o¢. 

51 (Z8) Eckel, E. C. & Paulmier, F.C. Catalogue of Reptiles and Ba- 
trachians of New York. 64p. il. rpl. Ap. 1902. I5¢. 
Eckel, E. C. Serpents of Northeastern United States. 
Paulmier, F.C. lizards, Tortoises and Batrachians of New York. 

52 (P6) Clarke, J: M. Report of the State Paleontologist 1gor. 28op. 
gpl. map. 1 tab. il. July 1902. gor. = * 

53 (E14) Felt, E. P. 17th Report of the State Entomologist rgor. 
232p. il, 6pl. Aug. 1902 30¢. | 

54 (Bs) Peck, C: H. Report of the State Botanist 1gor. Ln press. 


55 (A7) Beauchamp, W: M. Metallic Implements of the New York- 
Indians. g4p. 38pl. June 1902. 25¢, 

56 (Gs) Merrill, F: J. H. Geologic Map of New York. Ln press. 

57 (E15) Felt, E, P. Elm Leaf Beetle in New York State. 46p. il. 
8pl. Aug. 1902. re. 

58 (Mz) Whitlock, H.P. Guide to the Mineralogic Collections of the 
New York State Museum. Jn press. 
Merrill, F: J. H. Directory of Natural History Museums in 
United States and Canada. “iz press. 
Bean, T. H. Catalogue of the Fishes of New York. Jz press. 
Dickinson, H. T, Bluestone Quarries in New York. Ln press, 


Clarke, J: M. Catalogue of Type Specimens of Paleozoic Fossils in 
the New York State Museum, © 7 +~--- 


AND THE MECHANIC ARTS, 513 


preferred. Plant another set of trap squash seed a week or ten 
days after the main crop has been started. As soon as the 
plants of the main crop begin to run, if they are cucumbers, the 
tobacco or lead treatment should be stopped and the plants 
treated thoroughly with Bordeaux mixture to protect them from 
fungous disease. It is possible that when cucumbers are to be 
protected so many of the beetles will congregate on the trap- 
squash that treatment of the cucumbers may be unnecessary. 
The grower will find that the rapid growth induced by good 


Fie. 42. Spray rod with nozzle attached at right angles to facilitate 
spraying from above as shown at A, and from beneath as at B. 


fertilizing will help the plants quickly to grow beyond the 
power of the beetles to harm them. As Smith suggests, clean 
farming, by depriving the adults of good wintering places close 
at hand, may go far toward reducing the number to be contended 
with the following spring. 

The larva of the striped cucumber beetle does so compara- 
tively little damage that small effort has been made to find a 
way of combating it. Fitch’s suggestion that covering the 
plants will probably enable them to escape the work of the 
larva, seems the best for which our present knowledge gives 
basis. 
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THE ANTLERED MAPLE CATERPILLAR... 
Heterocampa guttivitta Walker. 
Cc. F, JACKSON. 


Of the many insect enemies of our forest and shade trees, 
perhaps none has caused more general alarm during the past 
year than the Antlered Maple Caterpillar. Being comparatively 
unknown by people in the state, its sudden appearance and the 
complete defoliation of large tracts of valuable woodland were 
sufficient to alarm not only the lumbermen but also the sum- 
mer residents and farmers. 

So far as known this insect has never before attracted atten- 
tion or caused any appreciable damage, except in Maine in 1907. 
In fact, on an extended trip through the infested region but one 
or two persons could be found who remembered ever having 
seen the caterpillar before. 

To the entomologist, however, this species is not new, the 
adult having been described as early in 1855 by Walker in the 
“Catalogue of the Lepidoptera of the British Museum,” and 
named, Cecrita guttivitta. Later (1880) the larva was first de- 
scribed by French. In 1895 Packard gave an extended account 
of the life history and distribution in his “Monograph of the 
Bombycine Moths.” He notes that the larvae feed on a variety 
of trees, but up to that time had not been numerous enough to 
attract any attention. The first serious outbreak seems to have 
been in Maine within the last three years, when great areas of 
valuable forest were defoliated, (1907. Patch, EB. M., Me. Agr. 
Exp. Sta., Bull. 148.), while in New York considerable damage 
resulted from attacks of this insect during 1907. Judging 
from these facts it seems plausible that this pest has been 
gradually increasing within New Hampshire until the present 
year, which has been unusually well adapted for its develop- 
ment, 


GENERAL DESORIPTION AND LIFE HIstTory. 


The adult form of the Antlered Maple Caterpillar may be 
described as a mottled-gray moth densely covered with scales, 
and the wings marked with scalloped cross bands. The moth 
is of medium size, and when resting on dead leaves is scarcely 
visible so perfect is its protective coloration. Like the remain- 
der of this group it is nocturnal in its habits, flying only at 
night, at which time the eggs are probably deposited. Con- 
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cerning this habit but little or nothing is known. Eggs have 
been found at Brunswick, Me. July 3 (Packard), hatching 
about a week later. 

It is from the first larval stage that this species takes its 
name. The larva, as described by Packard, is about 5 mm. long, 
of a uniform dark chestnut or reddish brown, the body taper- 
ing from the head backward, and “possessing at this stage an 
extraordinary armature of nine pairs of enormous horns like 
those on a deer. The prothoracic pair are nearly three times 
as large as those on the first abdorminal segment.” Following 
this stage a radical change occurs before the larva reaches its 
full development, the horns or tubercles being lost, and the 
color changing from brown to green. 

The full-grown caterpillar varies greatly in its general appear- 
ance. It is a green caterpillar, about 40 mm. (1 3-5 in:) long, 
with a purplish-brown, saddle-shaped marking near the middle 
of the back. In the last stage before pupation all the purplish- 
brown may be lost, the worm having a uniform green color. 
Some, however, seem to retain the brown, while others are 
green almost their entire life. 

After feeding for about four weeks the larve drop to the 
ground and crawl under the leaves, where the change to the 
pupal stage occurs. The pupa is about 18 mm. in length, of a 
dark reddish brown, and extremely difficult to distinguish from 
the pupze of many other members of this group. It is in this 
stage that the winter is passed, the adult moths issuing the next 
June, 

Technical Description of Adult. General color pale ash gray, 
a silvery cast in certain lights, an olive green reflection in oth- 
ers. Fore wings mottled with dark and light patches, the veins 
being nearly black. Head and base of antennae yellowish, palpi 
ash-colored. Eyes brownish black. Thorax ashen, much dark- 
er along posterior edge, and near base of wings. Tips of fore- 
wings lighter than base, of a greenish cast, and edged with a 
fine fringe, at the base of which is a black line connecting the 
veins. A double row of very faint scalloped markings cross the 
wing about cwo-thirds the distance from the base. Midway be- 
tween the base and tip of the wing is a crescent-shaped mark 
of ash-bronze. 

Hind wings ash gray, light at base, dark toward tip, and along 
costal border. Base of wings covered with long, fine hair. Dis- 
tal margin fringed and marked with black as in fore wing. 
Trace of a whitish line across wings, more distinct near costal 
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border. Veins dark, as is the fringe at the terminus of each 
vein. 

Body ash, mottled with black and white. Under part of wings 
and thorax ash white, thorax covered with long, silken hairs on 
under side. 

Length 16.5 mm.; wing expanse 38 mm. 

The difference in appearance of the sexes is very slight, the 
foregoing description being that of a female. According to 
Packard considerable geographical variation seems to occur, but 
in looking over a number of New Hampshire specimens very 
little, if any, variation was evident. 

Habits of the Adults. As already mentioned but little is known 
of the habits of the adult moth. From observations in the 
laboratory the moths are entirely nocturnal in their habits, re- 
maining quiet in the daytime when they may be easily captured. 
The eggs are probably deposited on the leaves, egg deposition 
extending over a considerable length of time, for the species, 
if not for the individual, as larve of all sizes were found July 
20, although on that date by far the larger number were ready 
to pupate. There seems, also, to be a tendency to a second 
brood, as one moth emerged the first of August and others ap- 
peared later. From this it seems reasonable to expect the 
adults any time during the spring and summer. Several moths, 
which I think were of this species, were taken at Tamworth, 
July 20-25, resting on the bark of beech and maple trees, . 
a number were also taken by means of a trap lantern at night. 
However, they were in too battered a condition to make identi- 
fication certain. The last moth to emerge in the laboratory 
was October 15, but beyond a doubt this was unusual, although 
the temperature conditions were about normal. 

Description of Larval Stages. The exact period of incubation 
for this species is not known. However, emerging from the 
egg is one of our most peculiar larve. According to Packard, 
“The larva is the most remarkable of its family, in possessing 
at this stage, an extraordinary armature of nine pairs of enorm- 
ous horns like those of a deer. The prothoracic pair are nearly 
three times as large as those on the first abdominal segment, 
and arise from a dark piceous plate, each horn is stout, about 
twice as long as the body is thick, with two stout acute tines 
reaching forward and outward, and a third upward, with a fourth 
small sharp one projecting in front near the base; each tine 
bears a hair arising from near the end, The tines are, more 
or less, rough and finely spinulose, especially on the opposing 
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bases of those projecting upward and backward. The second 
and third thoracic segments are smooth, and unarmed, and much 
wrinkled transversely. On the first abdominal segment is a pair 
of long, slender horns with the distal third, smaller and bent 
forward and outward, with the end thickened and bearing two 
or three minute spinules, and a single long hair; this pair arises 
from a large, black, dorsal undivided plate, while those behind 
(on second to seventh segments) arise from a more rounded 
black plate, divided into two half-moon-shaped pieces by a dis- 
tinct greenish yellow space. Those of the second abdominal 
pair are much smaller than the pair in front and those behind. 
Those of the third abdorminal segment are not so large as the 
first, but much longer than those behind. The pair on the 
eighth abdominal segment are of the same size and shape as 
those on the first abdominal segment, but are slightly shorter. 
The suranal plate is rounded, convex, shining black, giving rise 
to.a pair of black horns shorter than the shortest ones in front. 
Thoracic legs blackish; the middle abdominal legs of a pitchy 
color.” 

This stage lasted nine days, during which time it fed on the 
under side of the leaf, eating out little irregular patches. 

Following this stage a radical change occurs, the larve as- 
suming an entirely different aspect. The reddish-brown color 
of the body is still retained but all of the tubercles are lost, 
with the exception of those located on the prothorax. These 
latter are much smaller than in the first stage, consisting of 
but a pair of short, straight horns. Numbers of larve in this 
stage were found at Tamworth, July 20. However, most of 
these were in badly-infested regions where the food supply was 
limited, probably retarding their development. Great variation 
was noted, both in the size and color, many individuals having 
nearly the same markings as the mature larve, but still retain- 
ing the horns. 

Following this stage it is almost impossible to separate the 
larve into definite groups, although Packard describes three 
more distinct stages. In looking over an unlimited number of 
specimens three general types may be found, although they 
grade inseparably into each other. The following description 
will apply to a large majority of healthy, full-grown larve just 
before the last stage is reached: 

Head, lemon yellow, a blackish-brown streak extending from 
vertex over either eye to bases of palpi, forking just before 
reaching mouth parts. Another spot of the same color on the 
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ventral margin of the genae. A ‘crescent-shaped row of five 
small tubercules just at the base of the palps. Length of head 
from apex to edge of labium, 4 mm.; width, 3.5 mm. 

Body, greenish straw yellow, marked with dark reddish-brown 
and chrome yellow. Sides of entire body covered with fine 
brown dots. First thoracic segment with a short transverse 
ridge, yellow, marked with two lateral brown spots. Two faint 
median dorsal brown lines on thorax II and III. Thoracic legs 
a light brown, a shiny black spot on the outer aspect of the 
second segment. 

Dorsal portion of abdomen marked with one median light yel- 
low line, with two parallel chrome-yellow lines on either side. 
Abdomen III with two dorso-lateral spots of deep brown. Abdo- 
men IV with a median spot of same color, and abdomen V with 
a similar V-shaped marking. Two smaller median spots on 
abdomen VII and VIII. Lateral dark brown markings consist- 
ing of three pairs of stripes extending from the lateral line to 
the base of thoracic leg III, and proleg I and IV. The ends of 
all the prolegs marked with the same color. A ventro-lateral 
spot on abdomen VII. With the glass may be seen a very 
sparse covering of fine hair. Total length 40 mm. Greatest 
width at segment IV, 5.5 mm. 

A comparison of a second type shows a great reduction of the 
brown color. The general tone is lighter, eyes marked with an 
inner line of black and an outer of brown. No other brown on 
head or body except a small V on abdomén IV, andi a sparse 
sprinkle of brown dots on the sides. End of feet and pro-legs 
black. The yellow markings similar to above, but lighter. 

Mature Larva. Despite the fact that such a large amount of 
variation occurs in the intermediate larva] stages, we find that 
the last stage before pupation is fairly constant as to the gen- 
eral color pattern. The body assumes a dull, dirty green color, 
and becomes short and thick. All of the brown, saddle-shaped 
markings are lost, the only trace of brown being a number ot 
fine dots along the sides of the body, and in many instances 
even these are not present. As a rule, however, the brown is 
replaced by a dorsal band of white and two lateral bands of the 
same color. But little, if any, food is taken during this stage, 
the larva changing in a few days to the pupa. 

Habits of Larvae. Our attention was first called to the depre- 
dations of this larva by Mr. Eliot C. Clarke of Boston, whose 
summer home is near Tamworth, New Hampshire. Mr. Clarke 
informed us that a vast colony of green worms had suddenly 
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appeared, stripping hundreds of acres of forest land in various 
sections of the Sandwich Range of mountains. Following Mr. 
Clarke’s communication came numerous inquiries concerning the 
“green caterpillar,’ which was said to be sweeping the forest 
of ‘all vegetation through the town of Tamworth. Within two 
or three days the mail of the Station Entomologist was practi- 
cally doubled. For this reason a personal investigation was at 
once begun to try and determine the facts concerning the out- 
break. In this work the greatest assistance was rendered the 
writer by Dr. Wm. Rollins, whose summer home is also near 
Tamworth. 

In driving through the country one’s attention was at once 
attracted by the vast tracts of brown woodland, broken oualy 
here and there by small clumps of pine trees. On the farm of 
Mr. Eliot C. Clarke, eight miles west of Tamworth, was one 
such-infested area which was carefully studied, and is quite 
typical of the section. The tract of land under consideration 
was located in the foothills of the Sandwich Range, at something 
over one thous:nd feet elevation, and was probably a mile or 
more in diameter. The timber consisted principally of maple, 
birch and beech, with a small variety of shrubs and other trees. 

This region was very distinctly divided into three zones. The 
first, or central portion, comprised an area of several hundred 
acres, which was entirely stripped of all foliage. However, 
beside the conifers there was one peculiar exception, the 
striped maple or moosewood (Acer pennsylvanicum) was appar- 
ently unharmed, bushes in full leaf being in evidence in all parts 
of the forest. In this central area few, if any, larve were to 
be found, although I was informed that about a week earlier the 
rocks, trees and ground were literally covered with one great 
crawling mass of green caterpillars, but by the time I arrived 
nearly all of these had either starved or begun preparations to 
pupate. Just beneath the leaves were countless numbers in all 
stages of pupation. Probably a third of those attempting to 
pupate were so weakened by starvation that a complete trans- 
formation was impossible. Large numbers of partially formed 
pupz were found dead, beside quantities of larve which had only 
reached the third stage, but were enclosed in their thin silken 
cocoons ready to pupate. This was undoubtedly caused by the 
entire lack of food, the partially grown larve taking refuge un- 
der the dead leaves. 

The second zone varied in width from a few yards to several 
rods, and: entirely surrounded the first. This zone was charac- 
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terized by countless myriads of larve in all stages of growth, 
as well as in all stages of starvation. The trees were not en- 
tirely denuded of foliage, but covered with larve which were 
rapidly completing the work. Everywhere was to be seen one 
vast crawling mass of green caterpillars, and the noise made 
by the falling excrement and bits of leaves sounded like an April. 
shower. In the mountain streams bushels of caterpillars were col- 
lected in the eddies, their decaying bodies causing a decided stench. 
It was this crawling mass of caterpillars that gave foundation for 
the general impression that the larve migrated in mass from 
a stripped section of the forest to one where food was plentiful, 
something on the order of the army worm. A careful study was 
made of the problem with the result that no migration whatever 
could be detected, except what would accidentally occur from 
the worms crawling about. All of the larve observed were, 
technically speaking, negatively geotactic, that is, they had a ten- 
dency to crawl up any perpendicular object they came to 
whether it were a tree, rock, stump or weed. The fact that the 
larve were on the ground at all is explained by the countless 
numbers feeding on a tree at one time. In feeding, the larva 
eats out crescent-shaped areas from the leaf, frequently cutting 
off a considerable portion of it which falls to the ground, in 
many cases carrying the larva with it. In other instances as 
the foliage is stripped from the tree, the larve crawl to the out- 
most twigs in search of fresh leaves, and may be either blown 
off, or drop to the ground. These, starting out in any direction, 
are as likely to crawl up a pine tree as any other. Those lar- 
ve not successful in finding food crawl about until, weakened 
by starvation, they fall to the ground again, only to repeat the 
search. In this way the infested region would be pushed far- 
ther and farther away from the original colony, but during the 
entire season could not be extended ove: much new territory. 
Even after the larve are ready to pupate it seems Woubtful if 
they crawl down the trunks of the trees, but more likely simply 
drop to the ground. Beyond much question this second zone 
was made up of larve which had been fortunate enough to 
migrate in the right direction from the original infested area. 
On one side of this area was a pasture, which was searched for 
several hours, but no caterpillar could be found any distance 
from the trees. This fact, also, led me to further doubt there 
being a migration. 

Extending for a mile, or more, on, all sides of this badly in- 
fested zone was an area in which the larve were quite numer- 
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The antlered maple caterpillars assembled at the base of a tree. Tamworth, 
N. H., July 17, 1908. 
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Antlered maple caterpillars among the leaves in a woodland. Tamworth, 
N. H., July 16, 1908. 
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Pupae of the antlered maple caterpillars among the leaves at the base of 
a tree. 
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The antlered maple caterpillar, about natural size, showing the variations 
in markings. 
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The antlered maple caterpillar (Heterocampa guttivitte Walk.) Fig. 7 
Stage I; la, side view. Fig. 2. Stage II; 2a, side view. Fig. 3. 
End of stage II; 3a, side view. (After Packard.) 
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The antlered maple caterpillar (Heterocampa guttivitta Walk.) Fig. 4. 
Stage III; 4a, side view. Fig. 5. Stage IV; 5a, side view. Fig. 6. 
End of stage IV; 6a, side view. Fig. 7. Stage V; 7a, side view. 
(After Packard.) 
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Woodland defoliated by the antlered maple caterpillar at Tamworth 


Aug. 4, 1908. 


20TH REPT., PLATE 29, 


N. H. Aor, Exp. Sta. 


Oa 


C7 


Ma J 


ane, 


A little further in the woodland shown in plate 28, showing the work of 


the antlered maple caterpillar on maple, beech and birch. 
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Tamworth 


Edge of woodland defoliated by the antlered maple caterpillar. 


July 16, 1908. 


N. H. 
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ous, but not at all conspicuous. In walking through the woods 
but few, if any, larvae would be noticed. However, the ground 
was covered several inches deep in places with partly eaten 
leaves and excrement, which might be plainly heard constantly 
falling to the ground.. 

There seems no adequate explanation for this mode of distri- 
bution, although it was essentially the same in every locality 
studied. Possibly the central area may have been more or less 
seriously affected in past years, the outer area representing the 
extent of migration of the adults for one season. 

Concerning the food plant, with one or two exceptions, but 
little preference is. shown between various hardwood trees. 
Practically everything is taken with the exception of the “moose- 
wood.” There is, however, a preference for maple and beech, 
while the white oak and yellow birch are left until the last. 

In feeding the larve cling to the under side of the leaf, and, 
beginning at the outer edge, eat out large crescent-shaped 
areas. Frequently, two of these areas uniting will cause the 
outer portion of the leaf to fall. Whether or not the younger 
larve feed in colonies is not known, but the more mature forms 
do not_appear to be gregarious in their habits. 

When about ready to pupate the larve drop to the ground or 
let themselves down by silken threads, then work their way un- 
der the leaves to a depth of from two to six inches. It seems 
quite probable that the larve molt after leaving the trees, the 
form usually found beneath the leaves. being quite different 
from the ones on the trees. 

Pupae and Pupation. After the larve have worked their way 
well beneath the leaves preparations are begun to enter the pupa 
stage. This is a very simple process as compared with the elab- 
orate coccons made by some of our moths. In this instance the 
larva works out a simple, small cell, but little if any silk enter- 
ing into the composition. However, several larve kept in the 
laboratory worked their way beneath the dirt and spun quite 
firm cocoons, which were covered with particles of dirt held firm- 
ly together by silk threads, while the interiors were lined with 
silk and perfectly smooth. The length of time consumed in this 
preparation is not known, but the transformation takes place 
within a week or ten days after the larve leave the trees. 

The pupa may be described as follows: Body stout and thick, 
head somewhat pointed, mesoscutum firmly corrugated, or nearly 
Smooth, abdomen covered with slight depressions. Beside the 
mesoscutum are from six to ten quadrangular, flattened, unpol- 
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ished tubercules, each with a slight median depression. The 
two terminal spines of the abdomen have a very characteristic 
shape. Each ends in an enlargement resembling a foot with 
the‘ heel pointing inward and the toe outward. Vestiges of the 
anal legs and genital openings indistinct. General color dark 
reddish-brown. The winter is passed in the pupa stage, but 
some ofthe moths emerge during the late summer or ‘early fall. 
Whether a sufficient number come out to produce a second brood 
or not remains to be determined. Large numbers of pupz were 
found July 20, so it seems quite probable there may be a. small 
second brood. 

Relation to Other Heterocampae. All the moths of this group 
look very much alike, there being a close relationship between 
not ‘only the members of the genus Heterocampa, but also the 
adults of the entire family Notodontidae. There is much simi- 
larity in markings, as well as other details of structure. Ina 
synopsis of the genera of the sub-family Heterocampinae, Pack- 
ard gives the following distinguishing characters: “Fore-wings 
produced toward the apex, outer edge usually very oblique; a 
long subcostal cell, hind wings short and rounded, male antennae 
filamental at the end, larve varying from being simply nocturi- 
form to having long substenapodiform anal legs.” Of the seven 
genera which constitute this sub-family none are well marked, 
grading off almost insensibly into one another. The usually short 
hind wings with their well-rounded apexes, the broad stout palpi, 
and the very hairy thorax, are apparently the chief characters. 

Twelve species belong to the genus, all with very similar mark- 
ings, but in H. guttivitta the markings are less distinct than 
usual, the fore wings ash-gray, and, according to, Packard, usually 
a discal mark, enclosed in a large diffuse lunate pale ashen patch. 
The latter mark, however is not always distinct. 

The closest allied form of this particular species is H. biundata. 
On casual examination these two forms appear almost identical. 
But all the specimens studied of H. biundata have two definite 
brownish scallop-shaped bands crossing the base of the fore wing 
which are either very faint or entirely lacking in H. guttiviita. 
The general coloring of H. biundata is lighter, with.a yellowish 
tinge, while the markings are much more distinct, the wings and 
the thorax are marked with a deeper brown than in H. guttivitta. 
The larva of H. biundata has a more pointed head than H. gutti- 
vatita, and lacks in the early stages the horns as’ well as the 
brown saddle-shaped mark, although a brown spot is: usually 
present on the side of the body. 
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ASSOCIATED CATERPILLARS. 


Two other forest insects which have been closely associated with 
H. guttivitta in the present outbreak, should be described here. 
One of these is known as the Striped Maple Worm (Anisota rubi- 
cunda Fab.). The adult worm is about two inches long, light 
green in color, with white stripes down the side. It may be 
easily distinguished from the preceding species by having at all 
stages of its growth two large black spines just back of the 
head, and a series of 
shorter spines along 
the sides of the body. 
This is by no means 
an uncommon maple 
pest, but seems to have 
been more abundant, 
than usual, this year. 
In the valleys and the 
more level sections of 
the state this insect has 
caused more destruc- 
tion than Heterocampa, 
especially to shade 
trees. However, the 
defoliation has in no 
case been so complete. 

Another serious pest 
during the past sum- 
mer was the Spiny 
Oak caterpillar (Ani- 
sota stigma Fab.) This 
worm resembles’ the 
preceding very much, 

Fic. 48, The Spiny Oak caterpillar but is of a dark brown 
(Anisota stigma), natural size. color. This is a well 
known pest of the oak, 

but has been somewhat more numerous this summer than usual. 


EXTENT AND CAUSE OF OUTBREAK. 


The amount of damage caused by the attack of the Antlered 
Maple Caterpillar has already been suggested. Thousands of 
acres of woodland in various parts of the state have been en- 
tirely stripped of foliage, and other tracts more or less injured. 
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. Several trips have been made by the different members uz the 
entomological staff to the most seriously infested region. Mr. W. 
M. Barrows on Aug. 14 visited the region lying between Lake 
Winnipesaukee and Lake Sunapee. In his report Mr. Barrows 
states that the maples in this section were badly stripped, but 
the basswood, ash, oak, etc., were not badly eaten. All of the 
larve at this time were in the pupal stage, so it was not possible, 
in all cases, to tell whether the work was that of Heterocampa 
or Anisota, although numbers of Heterocampa pup were found 
particularly under maple. Numbers of mice were found working 
at the same level as the pupe, many of which were destroyed. 
Upon inquiry it seems that mice have been very scarce through- 


Fic. 44. The Striped Maple Caterpillar (Anisota rubicunda). (After Felt). 


out this section within the past two years. It was also learned 
that the last winter was severe for the mice in many respects. 
There was very little snow but considerable ice, while the frost 
was very deep, and it was thought that the mice were killed off 
by the very severe winter or some other cause. 

Birds are also extremely scarce, as on driving from Grafton 
to Bristol, a distance of fourteen miles, Mr. Barrows reports only 
having seen “one robin, one song sparrow and two large hawks, 


° 
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there being no swallows, king birds or other insectivorous 
birds.” 

On Aug. 18, Mr. W. S. Abbott investigated the region in the 
towns of Sullivan, Keene, Hancock, Peterboro and the intervening 
region. Through this section he found the maples, birch, beech 
and ash badly stripped, the maple and beech being taken first. 
No larve or adults were found, but the pups were abundant in 
the leaves. In Sullivan was a wood lot of about a hundred 
acres which was badly stripped. In this region many parasites 
were found, about one-fifth of the pupae being broken open. In 
one case specimens of Calathus gregarius were found feeding 
on freshly broken pup. Carabide and carabid larve were rather 
plentiful among the dead leaves. At this place predaceous 
enemies were more numerous than in any other locality. Many 
of the maples which had not been entirely stripped by Hetero- 
campa were being attacked by Anisota rubicunda. At Peter- 
boro on the farm of W. C. Abbott was a row of maples which 
had been badly infested, but an early spraying with arsenate of 
lead had killed the worms, and the trees appeared uninjured. 

Earlier in August Prof. E. Dwight Sanderson visited Tam- 
worth, extending his trip up to Intervale and through the White 
Mountain region. From his observations the larve were not 
destructive in the White Mountain region proper, the last serious 
infestation being at Intervale. 

On July 20 the writer visited Tamworth and vicinity, the re 
sults of which form the basis of this paper. Later in the season, 
Aug. 11, a trip was made through the towns of Sutton and Suna- 
pee, southward through the intervening towns to Bradford and 
Henniker. In Sutton the work of Heterocampa was not so much 
in evidence except in two or three places. At South Sutton, in 
particular, were several hundred acres which were entirely 
stripped. However, there were but few hard-wood trees which 
had escaped the attack of this insect, the pupe of which could 
be found in small numbers buried beneath the leaves. In the 
town of Sunapee in the region lying nearer the lake the larve 
of Anisota rubicunda were quite numerous, while but few Het- 
erocampa pups could be found. Through the towns of Goshen, 
Newbury and Bradford were many large tracts of hard wood 
completely stripped, though there is no doubt but that Hetero- 
campa was greatly assisted in this by Anisata rubicunda and 
Anisota stigma, as these larve were quite numerous everywhere. 
Through the towns of Warner and Henniker the work was still 
less evident, there being but few patches entirely defoliated. 
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It is hardly probable that the attack this year will prove fatal 
to many of the trees, but if renewed another season many of 
the trees will, beyond a doubt, be seriously injured or killed. 
Numbers of the maple groves that were defoliated early in the 
season sent out a second growth of leaves, but these would assist 
very little in the nutrition of the trees. 

New Hampshire is by no means the only state that has suf- 
fered from the attacks of H. guttivitta this year, Maine, Ver- 
mont and New York having all had serious outbreaks. 

So far we can only conjecture as to the cause of the appar- 
ently sudden outbreak. It seems probable that these worms 
have been multiplying for some time, but have been so well pro 
tected in the dense forests that their presence has not been 
detected. On the other hand, there seems little doubt that the 
species has been held in check by parasites, or other natural 
enemies, which for some reason were unusually scarce this sea- 
son, allowing the caterpillars to multiply abnormally. During 
the entire summer, in which large numbers of larve were reared 
in the laboratory, but one species of parasite was found (an 
Ichneumon) and that occurred in only two larve. Usually half 
the larve of our moths and butterflies which reach any size in 
the open, will be found to contain parasites. According to Miss 
Edith Patch of the Maine Agricultural Experiment Station, 
Ichneumon sublatus was quite numerous this season in Maine. 
This is probably a natural parasite of Heterocampa, which for 
some unknown reason became very scarce, allowing the host to 
multiply to such an appalling extent. Of the predaceous insects 
but two were at all numerous. The Fiery Ground Beetle, 
(Calasoma calidum), was quite plentiful in different parts of 
the state. This large bright-colored beetle doubtless destroyed 
great numbers of the caterpillars, but in the worst infested 
regions the beneficial results were not very apparent. The other 
predaceous insect, one of the soldier bugs, Podissus placidus, far 
outnumbered the ground beetles, and might be seen busily suck- 
ing the juices from the larve in almost any infested area. 

Another factor in the outbreak was the noticeable scarcity 
of birds of all kinds. Not that this was the prime cause for 
such large numbers of caterpillars, but their numbers would evi- 
dently have been greatly reduced had there been more birds in 
the woodland. In many sections of the infested region one would 
travel all day, and not find half a dozen birds of any descrip- 
tion. As before stated, Mr. W. M. Barrows in driving from 
Grafton to Bristol, a distance of fourteen miles, reports having 
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seen but one robin, one song sparrow and two large hawks, 
and the writer in traveling from Bradford to Henniker, a dis- 
tance of ten miles, saw only four sparrows and one black-bird. 
But few or no birds were present in the badly infested region 
of the Sandwich Range. 

Again, the ground mice and shrews do much toward holding 
these insects in check. Judging from the habits of these little 
animals they destroy many of the pupe during the winter 
months. Mr. Barrows reports having found large numbers of 
empty pup cases in their burrows. The general opinion seems 
to be that the mice have been unusually scarce during the past 
few years. Still, we have no absolute data on the subject. 

Weather conditions, in a general way, may nave had con- 
siderable influence on the outbreak. If a combination of weath- 
er conditions existed which was detrimental to the parasitic or 
predaceous enemies of Heterocampa, but on the other hand was 
not beneficial to the species itself, a noted increase would nat- 
urally result. That climatic conditions were more or less respon- 
sible seems to be indicated by the peculiar local distribution. In 
all cases personally observed, the most serious outbreaks have 
been at elevations of from eight hundred to a thousand feet. 
Frequently a very definite line could be drawn on the mountain- 
side, above which the trees were completely defoliated, and be- 
low which there was no perceptible injury. However, we can 
only guess as to what extent this was dependent upon climatic 
conditions. 

Many of the larve were found diseased, but no large propor- 
tion were thus destroyed. It is quite possible that diseases may 
be an important factor in the natural control of the pest. If 
so, the very unusually dry summer of 1908 would have effectually 
checked the development of such diseases and thus permitted 
the abnormal increase of the caterpillars. But little can be 
predicted for the future until] more is known of the habits, life 
history, and natural enemies. The probability is that the ene- 
mies will multiply sufficiently within a short time, to keep the 
larve in check, but if this does not occur the results are liable 
to be very serious. 


GEOGRAPHICAL DISTRIBUTION. 


The range of the Antlered Maple Caterpillar is in no way re- 
stricted to New England, it having been reported from Maine, 
New Hampshire, Massachusetts, Rhode Island, New York, Wash- 
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ington, D. C., Georgia, Iowa, Wisconsin, Florida, Maryland and 

Colorado. 

Within the state of New Hampshire letters have been received 
from widely separated points, indicating a general distribution. 
The worst infested region seems to commence on the eastern 
slope of the White Mountains in the town of Bartlett, and ex- 
tends southward, including Conway, Albany, Tamworth, Sand- 
wich, the towns bordering Lake Winnipesaukee to Plymouth, and 
lying between that lake and Lake Sunapee, extending on south 
to Sullivan, Keene, Hancock and Peterboro. The three princi- 
pal centers of infestation seemed to be Tamworth, Sutton, and 
Hancock or Peterboro. Between these centers the towns were 
more or less seriously infested, especially in the more rugged coun- 
try, where, in fact, the greatest amount of damage has occurred. 
In but few instances was the damage very extensive below one 
thousand feet elevation. It must not be inferred from the above 
that the larve are only found in the localities mentioned; they 
have been found at Durham, and possibly occur in limited num- 
bers throughout the entire state. 

Some idea of the distribution and food plants may be had from 
the following partial list of correspondents: 

July 11-20, 08. Tamworth, (numerous letters). Reported on: 
Maple, birch, beech, apple; less numerous on 
oak, wild cherry, poplar, butternut, gray birch. 

July 15, ’08. Snowville.—Apple. 

July 15, 08. Chocorua.—Maple, birch, apple. 

July 15, 08. Plainfield.—Beech, maple; less numerous on birch, 
oak, basswood. 

July 17, 08. New London.—Apple. 

July 18, 08. East Conway.—Birch, beech, maple, oak, apple. 

July 20, 08. Greenhill—Apple, maple, beech. 

July 20, 08. Pequaket.—Beech, white oak, birch, rock maple, 
white maple; less numerous on ash, poplar. 

July 21, ’08. North Weare.—Hard wood. 

July 21, 08. Madison.—Poplar, beech, apple, maple. 

July 22, ’08. Bristol—Maple, oak. 

July 22, ’08. New Durham.—Beech, yellow birch, white birch, 
rock maple. 

July 23, ’08. Intervale.—Beech. 

July 24, 08. Whiteface —Hard wood. 

July 24, 708. Ossipee—Hard wood. 

Aug. 3, ’08. Plymouth.—Hard wood. 

Aug. 3, 708. Sullivan.—Maple. 

Aug. 4, ’08. South Sutton.—Maple. 

Aug. 7, 708. Middleton.—Maple, oak, beech, elm. 
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Aug. 10, 708. Elkin—Hard wood. 
Aug. 23, 08. New Hampton.—Maple, birch. ; 

It is interesting to note that the outbreak in New Hampshire 
seems to be simply an extension of the infested region in Maine. 
According to the Circular of Information issued by E. F. Hitch- 
ings, State Entomologist of Maine, the attack has extended to 
the north and east from the Ossipee valley, including the towns 
of Bethel, Brownfield, Bridgton, Auburn and Fairfield, as well as 
numerous other localities in this region. 


METHODS OF CONTROL. 


At present it seems almost useless to try to suggest any 
means of eliminating this pest from the vast forest areas which 
have become infested. The problem, however, is much more 
simple with shade and orchard trees where proper means of 
control are adopted. 

The simplest and surest method is spraying, using an ordinary 
barrel spray pump and plenty of hose, so the operator may 
climb up in the tree, and be able to spray the outer and topmost 
branches. 

The best arsenical spray for this purpose is the arsenate ot 
lead, from three to five pounds per barrel of water. This will 
probably prove most effective if applied as a mist spray, the 
spray being thrown from the body of the tree outwards against. 
the under side of the leaves. There are two reason for this: 
First, a rain is less liable to wash off the poison from the under 
side of the leaves; and, secondly, the larve feed from the under 
side. In spraying for Heterocampa care must be taken to thor- 
oughly drench the topmost branches, as the larve will be found 
there. From what is known of the life history, the spraying 
had best be done between the first and, middle of July. The 
worms at this time may not be very much in evidence, but still 
may be easily detected. 

As a further preventative the trees may be banded with 
sticky fly paper or tanglefoot, or building paper smeared with 
a thick layer of printer’s ink, to prevent any larve that may 
fall to the ground from crawling up the trunks. This is par- 
ticularly advisable if the sprayed trees-are near a woods or 
other infected trees, which may not be sprayed. 
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Fig. 45. Map showing distribution of the Antlered Maple Worm in 
New Hampshire in 1908. 
The species was injurious at the black dots. 
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REPORT OF THE DAIRY DEPARTMENT. 


FRED RASMUSSEN. 


The following is a brief report of the work of the Dairy De- 
partment from September 1, 1907, to November i, 1908: 

The dairy herd, not being under the supervision of the Dairy 
Department, the work of this department is confined principally 
to the manufacture and marketing of dairy products. As the de- 
partment at present is practically without facilities for doing ex- 
perimental work, its work during the last year has been of an 
educational, rather than experimental nature. 


DAIRY SURVEY. 


The principal object of the dairy survey is to make a study 
of the conditions of the dairy industry in the state in order to: 
ascertain the difficulties and problems the farmer meets in the 
production, manufacture and marketing of milk, cream and but- 
ter. The information gathered is to be used as a guide in plan- 
ning and carrying out experimental work, the result of which 
would be applicable to New Hampshire conditions. 

Furthermore, a study of the existing conditions in the state 
will be a great help in answering adequately the many letters of 
inquiry received in regard to dairy matters, as well as to furnish 
much fimely material for lectures on dairy topics for which fre- 
quent calls are received. Pi 

In order to get a general idea of the conditions in different 
sections of the state, the co-operation of the Granges was asked 
for to the extent of giving names of farmers making butter and 
selling cream and milk. A circular letter enclosing return pos- 
tal was sent to 286 Granges. On May 30, 1908, 83 letters had 
been received. June ist a follow-up letter was sent to the 203 
Granges from which no replies had been received, resulting in 
60 answers. In all, 142 Granges, or, 50 per cent., answered the 
correspondence. 

The cards received from the Granges contained 551 names 
of farmers making butter, 196 names of farmers selling cream 
and 74 names of farmers keeping records of their dairy cows. 
The cards also contained information in regard to the demand 
for dairy butter, prices paid for same and whether there was an 
. increase or decrease in the production of dairy products in the 
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Biltmore, Thanksgiving Day, 1908. 


What “Biltmore Forest” is— 
I cannot well describe; 
nor can this booklet tell you. 
See for yourself, my friend, 
and use the “tips”? as guides, 
which I present to you 
herewith. 

Respectfully, 


THE FORESTER. 
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Edel sei der Mensch, hilfreich und gut! 


- This, then, is a plantation of White Pines 

Tip No. 1 (and of other kinds, which we shall not 

see today), made in March, 1899, on twelve 

acres of land heavily pastured and used as an orchard in days past. 

In 1898 the surface was rapidly eroding; prior to planting, 

a number of large gullies had to be filled, by means of wicker- 
works, at an expense of $22.67. 


There were planted 
A. 10,000 White Pines from Biltmore Nursery, costing 
$51.00. 


B. 17,500 White Pines imported from Germany, costing 
$15.00. 


C. 9,000 White Pines obtained from abandoned fields as 
yearlings and kept in my nursery for two years, cost- 
ing $27.00. 


D. 24,000 yearlings and two-year olds of Hardwoods cost- 
ing $14.00. 
The hardwood part was reinforced, in later years, by Yellow 
Pine yearlings. 
The plants were placed in the lower corner of spade-made 
holes. A stone was placed in each hole. 


The total expense was: 


Taking plants from Nurseries .. .. $ 7.90 
Hauling plants from Nurseries ee 5.00 
Setting plants OR. Avis Shc waly libs! > ee 36.65 
Value of plants se ag ab Abo 107.43 
Total cost for twelve acres a $156.98 


Notice two things! 

A. Close planting yields timber free from knots. 

B. A carpet of dead needles densely covers the surface of 

the soil, thus quieting it. 

I like this plantation; but one fool, with one match, may 
destroy it in one hour. In 1899, the slopes now covered by the 
White Pine looked like the accompanying picture taken on this 
very spot. 
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. The plantation marked No. 2, on “Long 
Tip No. y] Ridge,’ covers forty-five acres of steep 
slopes which were cleared some sixty years 

ago; abandoned for farming some thirty years ago; covered 


in 1895 with sedge grass, and cut by deeply eroded gullies on the 
side facing the East. 

In 1895, Mr. Vanderbilt desired the entire hill to be planted 
in hardwoods. It was my wish to show him (and to all Amer- 
ica) that forest planting could be done by a good forester (e. g. 
by myself) at an expense of $5.00 per acre. 

~~" ~In the Winter of 1895 and 1896, six bushels of Chestnuts, 
two bushels of Shag Bark Hickory, and two bushels of Pig-nut Hick- 
ory were planted on the slope facing the East, between the creek 
and the road; the plantation, covering an area of 114 acres, was 
made at an expense of $10.36. 
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In the Spring of 1896 I had planted 


A. On the slope facing North 
2,000 yearlings of Chestnut Oaks, 
2,000 yearlings of Ailanthus, 
5,000 two-year old Cherries, (Black), 
- 2,000 yearlings of Hickory. 
B. On the slope facing West (in a hollow where the sedge 
glass was particularly heavy) 
4,825 four-year old Douglas Firs, (Glauca) 
4,800 three-year old Sugar Maples, 
1,600 three-year old White Walnuts, 
1,400 three-year old Black Walnuts, 
3,100 two-year old Black Cherries, 
2,000 one-year old White Oaks. 
The Douglas Firs are illustrated by the picture following 
next; but you had better see them on the spot. The expense of 
these plantings was: 


For plants... eee we = $89.69 
For work ve aa) We “See cad Uwe ee 151.37 


Total gee eee we we = 241.06 
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This picture of the Douglas Fir is poor; the plantation is 
not much better; so far, it exists; it does not thrive. 

It may (I suppose it will) disappoint the pessimists in the 
future. 


The reward for hard work is more hard work. 


The Sugar Maples are bully. Look at the soil, and see it 
covered with a dense layer of humus! Look at the tops of the 
saplings, and see the height growth proportioned to the position 
of the individual stem in the bottom of the hollow here, and at 
the edge of the hollow yonder! 

The Black Cherries have done poorly; I have “doctored” 
them by Pitch Pines in the East, anno 1900; by White Pines in 
the West, anno 1908. 


In the Fall of 1897 I had planted: 


48 Bushels of White Oak acorns, 
34 Bushels of Chestnut Oak acorns, 
8 Bushels of Walnut nuts, 
1 Bushel of Hickory nuts. 


This part of the plantation covers an area of fourteen acres 
on the Eastern aspect of Long Ridge. 


The expense was: 


For seeds as we ww oe we ee © 871.88 
For plowing eh RE: We Ges eee 8.82 
For planting . «ww = 89.60 
Totalexpense .. .. .. . « « $120.30 


‘I also had “fixed,” at that time, the erosion in the gullies. 

When you see these plantations you will be amazed; I am 
not going to tell you the reasons for your amazement, unless 
you come to see the plantation. There can be no denying of 
the fact that, even today, miracles do happen. 


If men should hold their peace, the trees would cry 
aloud: 


“Honor and thanks to you, George W. Vanderbilt!” 
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In the Spring of 1899, I tackled 1314 acres of steep land 
forming the Northwest aspect of the Long Ridge. The little 
plants were planted with cleft spades; the clefts were made onto 
reversed sods, where the turf of sedge grass was particularly 
dense. 6,000 specimens per acre were planted as follows: 


21,500 One-year old White Oaks, 
16,000 One-year old Chestnut Oaks, 
25,000 One-year old Red Oaks, 
9,500 One-year old White Ash, 
500 One-year old Buckeye, 
7,300 One and Two-year old Black Walnuts, 
800 One and Two-year old Hickories, 


The entire expense was: 


For plants... ee ee = $68.77 
For planting «ow 8 ee = 98,07 
Totalexpense .. .. . « «= « $156.84 


In magnis et voluisse sat est. 


In the Fall of 1899, the success of the plantations of seeds and 
seedlings of hardwood on Long Ridge seemed doubtful; I got 
scared for my reputation; I then abandoned the idea of plant- 
ing “as cheaply as possible.” 

The result was an additional planting, in the Spring of 1900, 
all over the forty-five acres composing the Long Ridge as follows: 


60,000 Two-year old White Pines, 
2,000 Six-year old Soft Yellow Pines, 
10,000 Four-year old “ponderosa” and “devaricata,” 
3,600 Two- and Three-year old Picea pungens and Pi- 
nus cembra and devaricata; Abies concolor, bal- 
samea and nordmanniana; Larix leptolepis and 
sibirica, 
3,000 Four-year old White Oaks. 
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The total expense was: 


For plants .. « + « « «© + $333.00 
For planting .. «+ © 184.10 


Totalexpense . « « «+ «©$467.10 


The 3,000 White Oaks just mentioned were planted on five 
acres of land (on the West slope) only then abandoned by the 
farmer, in rows alternating with rows of White Pines. 

From 1900 on, the plantation did finely; the next picture 
shows a corner thereof; you should see all of it, William; and 
you should get the ole man’s explanations on the spot. 
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If you are interested in erosion, the best lesson near Long 
Ridge appears on the spot above the old “‘Cocke’’ house, near 
Compartment 95. It used to be a nasty spot, and a scar in the 
landscape. 

It is now a pine wood obtained, in the Spring of 1900, by the 
planting of 10,000 ball plants of six-year old Yellow Pines, at 
an expense of $89.00. 


My platform: ‘My fatherLAND!” 
. . . . Underscore the “LAND,” William! 
And its every square foot shall blossom. 
Amen! 


This history of “Long Ridge” is getting dull, it was also 
dull to me when it was a reproach to me . . . in days past, 

Suffice it to say that I had the plantations reinforced, in 
the Spring of 1901 with Locusts (stump plants) one year old, 
and with a few Yellow and White Pines, at an expense of $65.00; 
in the Spring of 1902 with 4,000 Yellow Poplars two years old; 
in the Spring of 1903 with ball plants of White and Yellow Pines 

. at an expense of $113.48. 

That is all! Nowadays it is a joy for me to crawl through 
this plantation! I feel like the Lord on the Seventh day of the 
creation when I am crawling. 


The man who looks for a reward does not deserve any. 


. Here, William, I shall show you a “thin- 

Tip No - 3 ning” in progress. It is made,—First for 

the benefit of the Pines, and Second for 

the benefit of our exchequer, the former profitting more than 

the latter. In the Summer of 1908, the insects have killed quite 

a bunch of the Pines. They have been removed—I mean the 
Pines. I could not catch the insects; I wished I could! 

The thinning yields some two cords of fuelwood to the acre. 

In this particular place close to town, a cord nets $1.20 above 


expenses. 
7 eS 
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I tell you, William, what is so: 

“Money kept in timber is safer 

than money kept in the safe.” 
. . . . Stop the fire, William! 


.. Now we traverse some irregular hardwoods where I have 
been acting as undertaker, “burying the dead,” or rather seeing 
to it that the “dead were cremated,’’—as firewood in Asheville. 


To the right, in 1895, there was a hopeless 
Tip No. 6 growth of brush; and I have shown it, ten 
years ago, to this and that visitor as an 


illustration of the effect of reckless cutting. A fire ran over this 
lot, in 1894. 


Today I have marked in it the best saplings by colored labels. 

There are. lots of them! This second growth obtained free 
of charge is as good as the best that I might plant. 

Leave nature alone,—or help nature! Give it increased 
chances! Do not hitch it up, using narrow-mindedness for the 
harness! William, I tell you! Skip the lectures on sylviculture 
and learn from nature! 


All men great and good, have changed their minds 
from time to time; Washington did when he ceased to 
drink the health of the King; Luther did when he mar- 
ried a run-a-way nun; and William J. Bryan, too, has 
changed his mind from time to time,—indeed, quite 
frequently. 

Now then: Why should not I have a metabolic 
conviction when so many better men were kaleido- 
scopic? 

William! You, too, will be a better man .. . 
when you change your mind. 
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ve We are now on the “Ridge road.” 
Tip No ‘ Where the sign No. 7 stands, I have made 
a “Borggreve” thinning in 1906, cutting 
14 cords of “wolf trees” per acre. 
This lot looks somewhat dishevelled; it will look fine in 1915. 


4 Here, anno 1895, the bark beetles had 
Tip No . § killed the Yellow Pines forming the main 
part of the stand. See how the hardwoods 

have taken advantage of the death of their former suppressors! 


Having a fine system of transportation, the value of trees 
killed by calamities can be saved by me. 


Forestry is paraphrased neither by the anastrophe: 
—Saw “Nothing”; and say “Wood !""— 
_nor by the proverb: 
Say “Nothing”; arid saw “Wood”. 


14 THE BILTMORE FOREST FAIR 


This illustration shows the work of forest fires; a big Chest- 
nut is “split open” and “hollowed out.” The dead log, in front 
of the Chestnut, has added to the trouble by feeding the flames. 
A tape four foot long hangs in the blackened hole. 

The picture is taken in my “virgin forests;’ . . . only 
one tree in a hundred, in the Appalachians, has not suffered from 
fires. 

The debris on the ground is a curse to the trees of the moun- 
tains by feeding) fires; and a blessing to the waters of the moun- 
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tains by preventing erosion, by hording the moisture in wet 
weather, and by forcing the rain to enter into the subsoil. 
The trees whilst living are the greatest consumers of water 
on earth; the trees, when dead on the ground, are the greatest 
water preservers. 
Stop the fire, William! 


Tj N Notice, please, that the Pines prevail, gen- 
Ip 0. ] . erally, on the. ridge which we traverse. 

aes The Oaks form, usually, an admixture 
_ merely to the Pines, keeping the Pines free from limbs and shading 
the soil, to mutual advantage. 

In this proximity, I have made, between the years 1895 and 
1907, a number of improvement cuttiags, removing the fellows 
which were ‘‘no good,” and giving the promising boys more air 
to breathe, more soil to suck, and more light to enjoy. 

The forest is a boarding house; whea some of the boarders 
are gone, those remaining obtain more food to eat. 

On the average acre along this road, I have removed four 
cords of wood in the course of twelve years. 

All of the trees removed were decayed, crooked, big-crowned, 
fire-scarred. 

Notice, please, that there is left a huge number of poor, 
ragged, measly, mis-shaped, dwarfy saplings. 

I have left them on purpose. These dwarfs are the servants 
of the healthy, promising poles; they prevent the moisture of 
the soil from evaporating; they furnish humus during their life 
as well as after their death. 

It does not pay to remove these dwarfs; it does pay to re- 
tain them. 

The future on this ridge belongs to the Pines,—not to the 
Oaks. Prior to 1895, this ridge was burned over continuously ; 
after burning, it was used for the pasture of cattle. The good 
Pines were used for lumber; the best of the hardwoods for firewood. 

In days to come I shall treat this ridge as a “composite for- 
est,” with the Pines standing in the upper story and the hard- 
woods in the lower story. 

_ Later on I. shail fell you - -more “about Hee 


at Ee Ce 
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By the way: All over the Estate the rule holds good that 


A. Stumps over six inches high are the stumps of fine 
trees removed prior to the establishment of the 
Estate; 

B. Stumps under six inches high are the indications 
of cuttings, under the regulations of forestry, since 
the establishment of the Estate. 


The man in overalls should Jord it over -all. 


Yours truly, 
GOMPERS. 


Under the conditions here and elsewhere prevailing it is 
necessary to individualize . . . . it est, wholesale methods 
of sylviculture won’t do. 

Therein lies one of the difficulties confronting the forester 
and forestry in America: 

In Germany, timber is high-priced, and homogenous woods 
prevail; they can be treated methodically after a general plan. 

In America, timber is low-priced, and heterogenous woods 
form the rule; and each separate bunch or group of trees re- 
quires a separate and distinctive treatment sylviculturally; which 
requirement cannot be fulfilled, by forestry as a business. 

Giving my directions quickly—which I do—and controlling 
the execution of my orders insufficiently—which I do—many a 
mistake is made by me or permitted by me. 

Do not blame me, William! That I prefer to do myself. 

The Biltmore Forest, in this proximity, yields an annual 
surplus revenue of 22 cents per acre. 

The taxes are 17 cents per acre, and must be deducted from 
the above “surplus.” My own salary, also, is not covered by 
the above “surplus.” 

That is a poor showing,—unless the forest increases in value, 
per acre and year, latently. 

It does increase latently. 


.O John D. R,, dear Jobn D. R.! 
‘ Come with a trust or two; and save the woods! 
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2 This plantation consists, practically, of 
Tip No . 10 White Pines only; they were planted, at 
the rate of 4,000 per acre, in the Spring of 

1900, on a strip of fairly good farmland covering 22 acres. The 
White Pines were two years old and the Yellow Pines, as many as 


there are, were one year old. The seedlings were planted two 
and a half feet apart, in rows four and a half feet apart. 


The expense was: 


For plants... ww we  ~=— $832.00 
For planting 2... ww 180.79 
$512.79 


In the planting expense are included two items spent (—that 
is my present opinion—) unnecessarily, to-wit: 

I have spent $51.16 putting a few handfuls of forest soil 
into each planting.hole;.. . 

I have spent” $17:00 ‘putting a stone | ‘over’ “each hole when 
the act! 6f planting was finished) 2 2 2d. poke se 

I shall give you the whys on the-spot. - 

. Right here,..we shall have a Mille ea qatill, in 30. years: or 

so; and we shall get rich quick, then. And the scene will look 
like this picture: 


eae 
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s The plantations of White Pine now tra- 
Tip No " 11 versed are twenty years old. Aesthetically, 
they are a success; I object to them com- 

mercially on the ground 

A. That the growing space of the individual specimen has 
been, and still is, too large; 

B. That early returns cannot be obtained by way of thin- 
nings. 

See, however, the fine layer of dead needles carpetting the 
soil! See the fine shoots made by the tops of the trees! 

The expense account of these plantations is unknown. They 
were made, under contract, in 1890 by a northern firm of nur- 
serymen. There are several hundred acres of this type of White 
Pine forests on the estate. 


A DECLARATION OF FAITH. 


I believe in the immortality of all that is good; 
and—thank God!— 
I believe in the mortality of all thatis bad. Amen. 


5 Along the macadamized roads, the land- 
Tip No. 1 y] scape department of the Estate rules su- 
preme. Thus, for two miles of road, you 

may enjoy the landscapes, the sweeping views over the moun- 


tains, and you may take a nap, also, preparatory for a walk of 
one mile beginning at station No. 13. 


= Another White Pine plantation twenty 
Tip No. 13 years old, with a few Hemlocks, Douglas 
Firs (poor) and Black Cherries. The soil 
is covered with humus. If this plantation were denser I would 
like it better. 
By this time, you long to see some fine Chestnut trees, or 
Poplars, or White Oaks. 
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There are none 
left, near Biltmore; 
they were removed 
before you were 
born; I can show 
you the stumps on- 
ly of big trees along 
our route; and I 
show you, in this 
booklet, some trees 
standing in my for- 
ests some fifteen 
miles from here. 
We shall actually 
see them on Satur- 
day next; here is 
one of the finest; 
and a fine girl, 
standing at its base 
on-a log, holds her 
hat on a stick, so 
as to give you a 
chance to measure 
the size of the tree. - 

The illustration 
shows a_ typical 
scene in the woods. 
The tall tree is a 
“Yellow Poplar,” 
worth $120.00, when 
converted into lum- 
ber. I shall cut it 
and saw it up within less than five years. If you want it saved 
I shall save it upon receipt from you of $120. 


9 


“Special privileges to nobody 
Thus cried the mob. 
And there upon the truth, too, was forbidden to go naked. 


20 THE BILTMORE FOREST FAIR 


7 This grove is produced by nature alone, 
Tip No is 14 absolutely without help, on an abandoned 
field. It is Yellow Pine, some twenty-five 
to thirty-five years old. Within twenty years, we shall obtain, 
by way of thinning, as much money from it as we have paid for 
the land, originally. 
A slope of this character should not be cleared and used— 
as this one was—agriculturally. Look at these frightful gullies! 
Erosion was rank, in this lot, prior to the time at which the 
slope was left alone,—left unburned, unpastured, unused! 
We want conservatism, and we want conservation! 


Washington, November 26, 1908. 
Dear Conservation: 

Conservation, dear Conservation! How I would 
love to serve you! You are right, good, noble,—no- 
body denies it. 

But helas! Your service is perfect self restraint, — 
yea, it is, self denial! 

I am so sorry! Yours sisterly, 

AMERICAN LIBERTY. 


. We enter a plantation (Browntown plant- 
Tip No - 15 ation) which forms an everlasting monu- 
" ment for two good men; for Cyrus T. 
Rankin and for Ernest Allen who have worked with us, in rain 
and shine, for twelve long years. 
They are responsible for the success of the plantation at 
Browntown. : 
The land in question, some sixty acres, is poor in the ex- 
treme; it was burned and pastured and cropped till the occupants 
had either to sell or to starve. They sold, of course. 
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The Browntown lands were planted in Spring 1905, at the 
following expense for work per acre (average): 


Lifting plants in nursery .. .. .. .« $1.50 
Hauling plants to plantation .. .. .. 1.00 
Healing in 2... ee ee we 
Demarkation of rows .. . « « » 15 
Making holes and planting .. . .. 5.90 
Total sae. we. ui Gio ne ae os ae ee BIRO 


In order to stop erosion we have spent, altogether, $66.98 
prior to planting. 

The entire area is subdivided into lots numbered A, B, C, etc., 
as shown in table on the page following. 
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Lot D was omitted. 

This plantation must be seen. It is excellent. 

The Ash was clipped back, after planting. 

The Oregonians have vanished. The Yellow Pines (trans- 
planted in my nurseries when one year old) were handicapped 
by a severe frost in September, 1906. 


The cost of the plants (to us) is: 


Echinata $1.00 per M (transplants) 
Strobus 1.50 per M (average) 
Hardwoods 40 per M (seedlings) 


In 1912, the Sugar Maples will look like the next illustration. 
I'll show them to you alive, in 1912! 
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st In compartment 40 and 42, there is the 
Tip No. 22 finest second growth of Yellow Pine, I have 
ever seen, produced free of charge, from 
self sown seed. I confess that I would prefer a better admix- 
ture of hardwoods to the pure stand of Pine.. The superstructure 
of older trees (Oaks, notably) was removed by me in the year 
1897-8. The cut was 38.4 cords per acre. Cyrus T. Rankin did 
the work; and he did it finely! 

Believe it if you will: In 1880, these woodlands were so 
bare from undergrowth (being burned annually) “that a fellow 
could see his milk cow pasturing in the woods at a distance of 
half a mile.” 

The old Pines were cut and milled in or about the year 1885; 
they must have been cut in a seed year; and by good luck, and 
owing to a change of ownership, there has not been any fire since. 


A soft snap is hard to chew. 


s This field was used, agriculturally, up to 
Tip No. 23 the year 1894. In the Winter of the year 
1895-1896, I had planted altogether in its 

Western section, at an expense of $43.34,— 


4 bushels Red Oaks, 

4 bushels White Oaks, 
10 bushels Chestnut Oaks, 
4 bushels Black Walnuts, 
5 bushels White Walnuts, 
8 bushels Chestnuts. 


In March, 1897, I had planted in the middle section, near 
the old cabin, in rows three feet apart 
5.8 bushels Red Oak, 
4.5 bushels White Oak. 
At that time, there was not a Pine visible in the sedge grass 
covering the field! 
How is this now? 
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Things sweet to taste prove in digestion sour. 


Ti N y] We are traversing several compartments 
ip 0 _ 4 lined along the Cherokee road. These 

compartments have furnished the follow- 
ing returns, by way of improvement cuttings: 


COMPARTMENT ACREAGE YIELD IN 
NO. IN ACRES CORDS 
39 37 190 
41 42 701 
45 33 282 


The present plan of action is: Hands off! 

In 1920, or thereabouts, we can begin to treat these com- 
partments methodically as “coppice under standards.” In the 
meanwhile, the fertility of the soil which was badly checked by 
fires in the past, will have had a chance to return. 


= Here you will be given a chance to plant, 

Tip No - 25 with your own aristocratic and bejewelled 

hands, a White Pine seedling! You will 

see the boys doing the stunt, too, at the rate of 1,200 plants per 

man and day. Learning from us how to plant, you can begin 
to teach others at home. 

We are planting White Pines, four seasons old, transplanted 
in Spring 1806. The stock is fine; the roots are many-fibrous; 
the buds are six to ten in a bunch. 

We are reforesting a field which nature is slow to reforest, 
for reasons to be explained on the spot. 

Since the taxes are 15 cents per acre, it is well worth while 
to raise something on this barren land which will, in time, defray 
the taxes. 

For every two acres reforested, we may increase the annual 
cut by one cord, without depleting the principal investment 
of wood. 


There is no truth but one: “There is none.” 


28 THE BILTMORE FOREST FAIR 


. The slope to the right was poorly stocked, 

Tip No. 26 with hardwoods, in 1900. I had it “un- 

derplanted,”’ by Ulysses Reeves, with a few 

thousand White Pines, Mr. Reeves selecting the spots where 
there was the least superstructure overhead. 

In 1902, we found the White Pines suffering from shade; 
we made an improvement cutting, for the benefit of the White 
Pines, cutting heavily in the southern part of the lot, on the top 
of the spur. 

In 1906, I made a clean sweep of the “superstructure,” so 
as to save the White Pines, and so as to simultaneously encourage 
the natural regeneration of Yellow Poplar. 

The slope exhibits, today, a vigorous sprout growth of hard- 
woods acting asa ‘‘companion” for the White Pines and Poplars. 


Give me, O God, plenty of struggle, strife and strain; 
and 
Give me, O God, plenty of strength to withstandthem! 


. An abandoned field densely restocked, 
Tip No é 21 alone by nature, absolutely without human 
aid. The Pines are some twenty-eight 

years old, and the stand comprises some 6,000 specimens per 


acre. No forester can do better than nature does, when she is 
allowed to act at will. 


. A plantation (twelve acres) of Black Wal- 
Tip No. 28 nut obtained from nuts planted, in Fall 
1897, into furrows ploughed 314 feet apart. 

The expense incurred was as follows: 


62 bushels of Walnuts .. . .. .. $33.00 
Ploughing furrows .. . . « « « 3.00 
Planting nuts «ow 6 we we oe) «18.85 
Total ai we Sets Ge ae ae Gas eer DABS, 


The plantation has succeeded finely on the good soil, along 
the edge of the bottom, below the “Hillside road.” Above the 
road, the trees have suffered from the aa of the sedge 
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grass; and have been frequently clipped by the fall frosts;—and 
many of them would not be visible to you today, were they 
not labelled by red labels. 

In order to help the Walnuts where the struggle was too 
hard for them, the plantation was “doctored” by me in the Spring 
of 1900, with one year old seedlings of Pinus rigida. The latter 
have developed wonderfully. I am confident that I can save 
the Walnuts by the Pines,—in time. 

The “doctor bill”? amounts to the following: 


4,000 pine yearlings .. .. .. « « $4.00 
Hauling and miscellaneous .. .. .. .. .30 
Planting pines He Ge Yes! we ia es 7.50 
Total 1. 0. oe ce tee we we ww | 11.80 


Particularly interesting is the absolute failure of this plan- 
tation beneath an old Walnut tree standing in its midst. 


Don’t dodge the issue! 


s The Pines at No. 29 have established them- 
Tip No F 29 selves, on an abandoned field, free of 
charge. Three species of Pines (Echinata, 
Rigida and Virginiana) have united their efforts to stop erosion. 
I draw your attention to the gullies in the hillside which have 
been quieted down by nature left alone. Obviously, the present 
stand of Pines is branchy; and it commands little, if any value. 
We can use it, however, for the end of securing a valuable new 

growth by successive cuttings, properly timed. 
At an American flag, the barkbeetles have killed a bunch 

of Pines in 1903. 


7 An even aged stand of Oaks, Chestnuts 
Tip No - 30 and Hickories, some forty years old, from 
gi se ee ee which an improvement cutting has re- 
moved, in 1898, eight cords of wood per acre. ae 

Here, in or about 1918, a thinning will be made, yielding 
three cords of wood to the acre, approximately. The growth of 
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the hardwoods is slow, 
and logs ‘fit for lumber 
cannot be obtained, in 
this compartment, be- 
fore the end of the 
present century. The 
White Oak which I 
embrace is 350 years 
old. See? 


Tip No. 31 


This proximity has 
been miscut, at the 
time of an improve-.. 
ment cutting of 12. 
cords per acre, the 
ranger in charge fail- 
ing to watch the con- 
tractor. Fine trees 
were removed, and 
poor trees were left. 

I have tried to 
make up for the failure 
by planting, on both 
sides of the road, in 
1900, a few thousand 
seedlings of White 
Pine, one year old. These seedlings have been smothered by 
leaves falling on them, and by shade to an interesting degree. 
Here, the influence of light on the development of White pine 
seedlings is very marked. An improvement cutting for the bene- 
fit of White Pine as well as Yellow Pine might seem advisable— 
to others; not to me. 


Greater men than I have planned ahead and built 
ahead for centuries. Pardon me, William, when I 
have the cheek to meddle with the decades! 
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. Below the road at sign No. 32, western 

Tip No. 32 Douglas Fir (red labels) was planted in 

1857, also Colorado Blue Spruce (blue 

labels), European Spruce (yellow labels), Silver Fir (white labels). 

Watch the superiority of the White Pine over the foreigners of 
the same age! 

Above the road, there is an extensive plantation of rather 
unusual development, made on a poor, stony, barren field aban- 
doned by the farmer when it was covered with sedge grass. 

“We planted as follows: 


A. In Fall 1896: 


43 bushels White Oak acorns 

10 bushels Chestnut Oak acorns 
4 bushels Buckeye 

¥% bushel Chestnuts 

16 bushels Hickory nuts. 


The expense of this stunt was 


forseeds .. 0... 6) ee ee ee ee © §62.17 
for ploughing .. «6 4 ue «6 17205 
for planting 6 32.05 
Total .. wi ce ae Ge ae ae we os GULLIT 


B. In Spring 1897: 
22,500 Black Locusts, year old, worth $36.00 


3,500 Black Cherries, 2 “ “ ef 6.00 
2,000 Black Cherries, 3 “ “ ns 8.02 
2,000 Basswood as ne 10.00 
2,500 Sugar Maple 5“ a 9.25 
2,000 Black Walnuts 2 “ “ ft 6.50 
6,000 Hickory (ovata) 2 “ “ as 20.10 
2,000 Hickory (alba) 2 “ “ eS 2.20 
1,000 White Pines’ 2 Ose o 35 
1,000 Buckeye a ee 3.55 


The expense of ploughing the furrows into which the seed- 
lings were placed was $30.90; the expense of planting the seed- 
lings $62.90; and the expense of hauling, etc., was $36.57. 
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The plantations under “A” were made in furrows alter- 
nating with those given under “B.” 

At the same time, 5,000 White Pines, all two years old, were 
planted on a sample plot in the midst of the plantation,—the 
first plantation of seedlings two years old on American soil—at 
a total expense of $30.75. 

In another sample plot (14 acre), there were planted 

3,000 Locusts and Cherries,,1 and 2 years old, worth 
$6.22, and 


2,500 White Pines, 2 years old, worth $15.00, 
at an outlay for work of $12.05. 

In another plot, two year old White Pines raised at Bilt- 
more were planted so as to alternate with four year old White 
Pines bought in Germany. 

The results have been strikingly interesting; success has 
been mixed with failure; you will see it on the spot. 

C. In Spring 1900: 


24,000 White Pines 2 years old, worth $96.00 
24,000 Rigida Pines1 year old, ‘“ 48.00 


The cost of planting was (for work, etc.) $74.15. 

This reinforcement (under “C’’) was necessary, indeed! The 
hardwood plantations had suffered frightfully from ground mice; 
the rodents had mowed down, underground, one row after the 
other row of Hickories and of White Oaks, before and after 
sprouting. 

During the years following, the surviving Oaks had to suffer 
severely from the rabbits which, today indeed, do not allow the 
young Oaks to develop. 

The Locusts, also, did poorly . . . . excepting on good 
soil, e. g. on an old garden spot in the plantation. The Sugar 
Maple which, at one time, was badly attacked by fungus disease, 
kas done remarkably well; it kills the White Pine on the best 
soil, and it sutserves it on the poorest soil, keeping it free from 
limbs. 

On the whole, this plantation is wonderful, now! Yellow 
Peplar is seeding into it spontaneously. 
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To facilitate the identification of the hardwoods—which are 
not conspicuous in Winter—we have attached labels to them: 


White label means White Oak, 
Yellow label means Hickory, 
Red label means Cherry, 
Green label means Walnut, 
Blue label means Locust. 


The Oaks have done best at the edge of the plantation, ad- 
joining the high woodlands. Here, the sedge grass is kept in 
check; and the soil kept covered with leaves. After another 200 
years the Oaks may be “snaked” out by six yoke of cattle,—after 
the fashion illustrated herewith: 
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. An abandoned field sparsely seeded by na- 
Tip No ‘ 35 ture in Pine. The present stand is worth- 
less; it will have value, in days to come, 

by reseeding the ground densely. 


Deny it if you can! The forests. managed by a 
trust (a good trust) would never be depleted; and there 
would be forestry. 

I trust in trusts; in good trusts; and mark my 
words: You shall share my creed, hereafter. 


. The form of forest which should prevail 
Tip No é 36 on the more sterile parts of the Biltmore 
Estate is that known as “coppice under 
standards.” The Yellow Pines have proven, in the primeval 
times of this locality, their fitness for the roll of “standards.” 
The average volume of timber per acre available on the Estate 
is in keeping with the form in question. The form yields fre- 
quent, early, regular returns,—hence my predilection for it, 
under many conditions. 


Please mark the following, William! 


A. We have cut in this lot, anno 1804-5, thirty cords of 
hardwood per acre at a net profit of $42.00 per acre. 


B. We shall do tetter anno 1934-5, cutting the hardwood 
every thirty years. 


C. The Pines, in the meantine, have a fine chance to 
rapidly grow in thickaess; and I shall prove to you on 
the spot that they are now growing at a high rate of 
interest. 


D. The soil is covered with debris, and seedlings of Pine 
are developing freely everywhere. 


E. We have four size classes of Yellow Pine, namely— 
Seedlings, 
Saplings, 
Poles, 
Trees (too few of the latter). 
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I am introducing this form of forest gradually on 5,000 
acres (approximated) of Biltmore woodlands. Its first stage is 
illustrated herewith; the sprout growth has been coppiced; and 
the “standards” are left. 


Join the garde, Guillaume! 
La garde meurt; mais ne se rends pas. 
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. The woodlands in this proximity were par 
Tip No. 3] ticularly poor. The soil is dry; and it had 


suffered badly, particularly, from fires prior 


to 1888. 

After improvement cuttings in 1900, yielding 17 cords per 
acre, I have spent a few dozen dollars for reinforcing in Yellow 
Pine. i 
At the American Flag, a “fail place,” barren and bare in 
1898, is now fully restored to productiveness by planting. 

Opposite this fail spot, to the right, there is a fine pole wood 
getting ready for a first “thinning.” 


= We drive over a plantation of White Pines 
Tip No. 38 (white labels) and Western Yellow Pines 
(red labels) (ponderosa), made on an aban- 
doned field in Spring 1806. Both Pines were two years old when 
planted, the Western Pine, at that time, three times as large as 
the White Pine. There is a sprinkling of “advance growth,” all 
over this field showing nature’s tendency to reconquer the old 
field. This advance growth, if left alone, develops as seen in 
TIP NO. 35. , ‘ 


This small plantation (four acres) costs us for 


5,200 White Pines, 2 years old ( ; 
3,500 Ponderosa, 2“ “ together .. $24.10 


hauling and demarkation .. .. .. +) 3.66 
planting itself. .. . .. woe oe «611.65 
weeding and hosing i in Sumner 1906 we we oe 8,08 

$42.49 


Why do you dream, O Thomas Alva, of a meang 
for the storage of solar energy? Your dream has been 
reality,—ever since the fourth day of creation. The 
trees in your yard swallow solar energy; digest solar 
energy; and they store it away for you; and your 
“storage battery” is battered to frazzles by your trees. 
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I hope my plantation will 
not meet the fate of the 
White Ash, shown herewith, 
—the fate of the majority of 
the trees in the Appalach- 
ians! The fires have bursted 
it, from root to crown; and it 
is as hollow as a gun. 


Tip No. 39 


This lot has not been 
touched by my axe; so far it 
does not need any help; here 
and there, I might remove, by 
way of improvement cutting, 
a decrepit “torso-tree,” so as 
to convert it into money. 


Otherwise, I have to 
wait for the trees to develop. 
Their growth is slow; it aver- 
ages, for the diameter of the 
trees, one inch in ten years, 
approximately; and for the 
whole stand, seven cords per 
acre in ten years. 

Be good, William, and be 
patient. 


= The forest, near No. 40, will be cleared 

Tip No. Aj away this coming Winter and will be con- 

verted into farmland. Mind you: For- 

estry is business; forest destruction is quite frequently the best 

business; and destructive forestry is quite frequently the best 
forestry. 
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. An abandoned field reforested by nature in 
Tip No é A Pinus virginiana! Do you see the signs of 
erosion? Can you distinguish the deep 


gullies now hiding beneath the Pines? The Pines average twenty- 
five years in age. 


It is wise to be good when you must; 
It is good to be good when you mustn’t, 


= Here, the Pines average ten years in age. 
Tip No. 4 The stage of the woods at No. 41 is fifteen 
years ahead of that at No. 42. All of this 

growth is spontaneous. 


a We pass at the edge of two plantations 

Tip No. 43 covering forty-one acres made in Spring 

1907 (known as the “lone chimney plan- 

tation”) and in Spring 1806 (known as the “old school plan- 
tation’’). 

The soil, where we enter the plantations, is extremely sterile. 
Here we find alternating rows of Pinus echinata (yellow labels) 
planted with a dibble in Spring 1907 (as yearlings) and of White 
Pines (white labels) planted (as two year olds) with a spade. 

A layman would not be able to see my “plantation,’’—un- 
less I pushed his nose on the plants; five years from now it will 
be denser than the plantation at TIP NO. 32,—if St. Hubert 
keeps the fire out of the plantation. 

Nothing can hinder the growth of the trees,—except fire. 

There were planted, per acre. 


2,000 Yellow Pines, one year old, worth .. $1.10 
1,500 White Pines, two years old, worth .. 2.25 


at an expense (for work) of $2.95 per acre. The plantation was 
particularly cheap, the loose soil being worked easily and the 
plants being small. 


Blessed are they which receive hard knocks! 
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s White Pine three years old and Sugar Maple 
Ip 0. three years old planted in Spring 1906, on 
good but steep soil. 
There are planted, per acre: 


2,200 White Pines, worth .. .. .. .. $11.00 

800 Sugar Maples, worth .. .. .. .. .80 
at an expense for workof .. .. .. . 10.10 
Total, peracre .. . « « « « $21.90 


Listen, John! This plantation is three times as expensive 
as the preceding one, for the reason that the plants used were 
three times as large in size when planted; and for other reasons 
to be explained on the spot. 

The Sugar Maples suffer from the rabbits until they are 
beyond the rabbits’ reach. 


This then is the stuff filling the “pots of oil” of 
widows and others; and the more you give away of it, 
the more do you retain of it: The stuff is love. 


And now we must quit; we have not seen more than the 
fiftieth part of the woods and of the plantations on the Home 
Estate. 

My lords and gentlemen: The barbecue is ready! 


At a meeting of the Sciences, “Forestry” was heard to 


say: 

“I have my fill of foresters; I need some Rockefellers, 
now.” 
Whereupon, there was a holobolloo . . . 


And “Economics” and “Politics,” with an oath or 
two, jumped to their feet; and the Lady of the Woods 
was laid low. 

And “Law” laughed. 
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I shall show you the records; and I shall show you the re- 
cords of other streams nearby, too; and I shall-contrast the dis- 
charge of streams draining Vanderbilt’s forests with the discharge 
of the others. 

The contrast is not so startling as you might assume. The 
fluctuations in the discharge of the Vanderbilt streams are less 
wild than those of the others. The extremes of discharge are 
further apart in the case of the others than in the case of the 
protected streams. 


ASSOCIATED PRESS NEWS: 


At a meeting of the Irish League, at Odd Fellows 
Hall, New York, the following resolution—(moved by 
Patrick O’Leary)—was passed unanimously: , . . 
“That William Waldorf Astor—the renegade—should 
be banished to Ireland, for his life time.” 


. Some few months ago, old Davidson River 
Tip No. 48 has tried to change its course. I have 
forced it,.I hope, by the measures taken 
at sign No. 48, to stick to the old course. 
The bottomlands in this vicinity were cropped to death, prior 
to their acquisition by the Biltmore Estate. 
Used as pasture, a fair revenue is obtained from them. 
Reforestation, in this case, would be folly. 
Farm lots form an integral part of systematic forestry ;— 
just as wood lots form an integral part of systematic agriculture. 


- Mark the difference between the slopes to 
Tip No. 49 the right and.the slopes to the left of the 
river! 
On the slopes facing South, the Pines prevail. These Pines 
are worthless, so far. 
On the slopes facing North, the Oaks and Chestnuts pre- 
ponderate. The slopes were opened up by roads; the finest trees 
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were logged for export; the Chestnuts were cut into tannic acid 
wood; the Chestnutoaks were stripped of their bark. 

The scene illustrated herewith shows a Vandal engaged in 
Vandalism : 


Nevertheless, the stands continue to appear dease. 

Wherever we have cut, spontaneous regeneration of the 
woods begins immediately. 

The regeneration is best, usually, where the “destruction” 
was the. worst. 

The taxes on cutover woodlands are, in this valley, four 
cents per acre... 
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The citizens of the county do not realize—do not want to 
realize—that my work is meant for their benefit as well as for 
that of my employer. 

We have never found any encouragement whatsoever in 
our work on the side of the state, the county, or the town. We 
ar2 aliens; we do things out of the ordinary; that is cause enough 
for suspicion,—for antagonism and enmity. 


A yearning for love is a poor means to get it. 


We have never succeeded, so far, to stop trespass and fire 
in Pisgah Forest by the help of the usual “channels.” 

The natives cannot forget that these woods were theirs, for 
all. intents and purposes, prior to 1890; theirs for squatting and 
logging; theirs for pasture and chase and moonshine. Can we 
expect assistance from those who consider themselves dispos- 
sessed? 


Deeds are the megaphone for words, without the noise. 


: You will be amazed over the large number 
Tip No. hf) of decrepit fruit trees found on the farms 
lining the road. After squandering several 
hundred dollars in attempts at orcharding, I have abandoned the 
hope of drawing an adequate revenue from any investment in 
orchards. : 
' Late frosts,—occurring as late as the end of May,—form 
the deterrent. 


. You have never been, I suppose, as near 
Tip No. 4] | to the site of a moonshine plant as you 
are at Tip No. 51; Jim Perry used to tend 
the plant; and I used to tend Jim. Tempi passati! There used 
to be a time when the hugest species in the flora of the Carolinas 
was “Planta lunaris L;”? and the hugest thing in the fauna was 
“Tigris caecus L.,” the blind tiger. The moonshiners used to 
reside in the hovels lining our road. Imagine! 
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ee Strips of farms or pastures along the water- 
Tip No. 52 courses, and strips of pastures along the 
j ridges are the cheapest and the most ef- 
fective “fire lanes” imaginable. I use artificial firelanes in rare 
cases only, e. g. in the jungle known as the “Pinkbed Valley.” 
The best means of protection lies in several hundred miles 
of roads and trails traversing the woods; in watchfulness during 
dry weather; in the availability at the logging camps of a loyal 
staff of fire fighters. 
The picture shows a trail maintained as a firelane, in the 
primevaliwoods. 
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“I,” said the sluggard, “‘would be willing to die for 
my country.”— 

“Indeed,” said the blackguard, “‘she will do better 
without you.’’— 


. We pass by the site of a sawmill operating 

Tip No. 53 in 1838. You will see at a glance that the 

operations were—or rather had got to be— 

very conservative at that time. The next illustration shows a 

pile of debris (slabs, edgings, sawdust, bark) left by the mill; 

and also the fine condition, today, of the woods surrounding 
thelold mill site. 
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The value of the trees, in 1898, was $2.50 per 1,000’ of 
lumber contained in them. 
Today, the values have trebled. 


In case of doubt, 
O Hercules at the crossroads,— 
Stick to the tall timber! 


. After leaving the carriages, we pass through 
Tip No. HA an old field, and by a roof without a cabin. 
This tract—some 80 acres—I bought at 
$2.50 per acre in 1901. 
The orchard is used for pasturage, at an annual rental of 
$10.00. 
It would be folly to reforest it. 


7 This is a second growth, and also a third 
Tip No. 55 growth, established on a slope from which 
the trees were cleared, in or about 1840, 

with a view to the use of the land for farming. 

The second growth consists of Chestnut, Locust, Poplar, 
Basswood and Ash. 

The third growth consists of Poplar and Ash. We are about 
to cut the second growth of Chestnut; and you see the piles of 
timber growing along the road traversed. There has been a fine 
mast of Chestnuts, this Fall; and the regeneration will be fine. 


. At this point, observe the entire absence 
Ti p No 3 hb of any primeval timber. A fine stand of 
Yellow Poplar, forty years old, has sprung 
up spontaneously “after the war’ at a time at which this site 
was abandoned by the squatter. 
I draw your attention, also, to the presence of Ash, Hickory, 
Locust, Walnut and Sassafras mingling with the Poplars. 
You may ask: ‘What, O Sire of the Woods, do you pro- 
pose to do in this locality?” 
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s A piece of primeval woods, badly burned! 
Tip No. 58 See how the fires have crept up on the 
three prongs of the big Chestnut herewith 

illustrated,—up to the hats and handkerchiefs! After the fires, 
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the silky timber beetles and the fungi have been at work con- 
tinuously; and the Chestnut is worth, today, three dollars; instead 
of being worth thirty dollars! 


. At this station, a squatter named Deaver 
Tip No. 59 had a potato patch and a cabin in 1850. 
After the Civil War, the patch grew up 
in Yellow Poplar. 

This is the finest stand of second growth on Vanderbilt’s 

domain; the trees are tall, straight and free from branches. 
There are 370 trees to the acre, 48 years old on an average. 
The trees are too small for logging; as pulpwood or as match 

stock, they have a value of 25 cents apiece, approximately. 


Do not call me a liar! 
Call me a poet when I indulge in fiction! 


5 The “Ed Smith cutting’? was cleared of 

Tip No. 60 Chestnut (40 cords per acre) in 1901-1902; 

was logged for Poplar and Oak in 1898 

and in 1906; and has seeded itself in Ash, Poplar, Hickory, 
Locust and Oak, spontaneously, ever siace. 


The bulk of the second growth consists of the sprouts of 
Chestnut and of Silverbell. 


I have labelled, for your benefit, 
the White Ash, by white labels; 
the Black Locust, by blue labels; 
the Yellow Poplar, by yellow labels; 
the Hickory, by red labels; 
the Oak, by green labels. 


Mind you, Johnny! Nowhere in Pisgah Forest have there 
been made any investments in sylviculture, the second growth 
is spontaneous altogether. 

We protect it from fires; that’s all. 

A few Poplars, Ashes and Locusts have been left as “stan- 
dards.” 
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My worst abuser lives with me: 
Hisname is Fear,—of Failure. 


- Here we cross and recross a log chute used 

Tip No. 61 by me in 1906 and in 1907 as a means of 

transportation. Watch the colored labels! 

They show the first stage in the development of a second growth. 

If the cut had been harder than it was along the chute, in the 

first growth, the regeneration would be better in the second 
stage of the game. 


o A cove logged in 1898 and 1906; cut for 
Tip No - 62 tanbark in 1906, and for tannic wood in 
1908. Ernest Allen d did the work. You see 

the vile of _wood, ready f for ‘Feinoval, tod! tfyou? 


per Ti 


a 
emi! Renna ee 
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ba One of our saw mills! I love to hear its 
Tip No. 63 singing; here it is, pictorially: 

Ruf Galloway is the kand master who 
teaps the saws in proper tune. Shake hands with Ruf; and 
fe2l as proud as if his grip were a president’s. 

The narrow gauge road supplying the mill with logs is just 
completed. Let’s run up on it! Do not talk to the conductor; 
the conductor isanox. You will agree with me when you se2 him. 


Happiness sought without— 
leaves you without happiness; 
happiness sought within— 
leaves you within happiness. 


Tue INLAND PRESS 
ASHEVILLE, N. C. 


BILTMORE LECTURES 
ON SYLVICULTURE 


By C. A. SCHENCK, Pu.D. 


f 


Director of the Biltmore‘ Forest School, and Forester to the Biltmore 


Estate, N. C. 


ALBANY 
BRANDOW PRINTING COMPANY 
Srare LEGISLATIVE PRINTERS 
1905 


BILTMORE LECTURES 
ON SYLVICULTURE 


By C. A. SCHENCK, Pu.D. 


Director of the Biltmore Forest School, and Forester to the Biltmore 


Estate, N.C. 


ALBANY 
BRANDOW PRINTING COMPANY 
Srare LEGISLATIVE PRINTERS 
1905 


Paragraph. 


. Season for planting seedlings. 
. Cultivation of plantations. 

. Prairie planting in particular. 
. Methods of obtaining plants for planting. 


SYNOPSIS OF PARAGRAPHS. 


CHAPTER I. 


Foundations of Sylviculture. 


. Introduction. 

. Ecological factors and their influence on the sylva, 

. Influence of the sylva on the ecological factors. 

. The North American sylva. 

. General definitions and explanations. 

. Light demanders and shade bearers. 

. Pure versus mixed woods. 

. Dr. Henry Mayr’s fundamental principles of sylviculture. 


CHAPTER II. 
The High Forest. 


. Genesis of the high forest and its methods. 

. The seed. 

. Preparations for planting seed on open ground. 

. Securing and preparing the seeds. 

. Actual planting of seeds on open ground. 

. Season for planting seeds on open ground. 

. Auxiliaries to seed planting. 

. Planting seeds of the broadleaved species. 

. Planting seeds of the coniferous species. 

. Actual planting of seedlings: Introductory remarks. 

. Criteria of good seedlings. 

. Age, size and number of seedlings used. 

. Lifting seedlings from nursery bed. 

. Transportation of seedlings. 

. Common methods of planting seedlings in the open. 
. Special methods and tools used for planting seedlings in 


the open. 


, 


3 


XXIX. 


XXX. 
XXXL 
XXXIL 
XXXII 


XXXIV. 


XXXV. 


XXXVI. 
XXXVII. 


XXXVIII. 


XXXIX. 


XL. 


XLI. 


_ XLIL 


XLII. 
XLIV. 
XLV. 
XLVI. 
XLVII. 


SYLVICULTURE. 


Permanent nurseries in particular. 

Seed planting in seed beds. 

‘Transplanting ain. transplanting ‘beds, 

Protection of nurseries. 

Nursing in nurseyies? 

Special nursery methods proclaimed by renowned sylvi- 
culturists. : 

Raising and planting hardwood seedlings on open ground. 

Raising and planting softwood seedlings on open ground. 

European results of planting experiments with American 
hardwoods. 

European results of planting experiments with American 
softwoods. ; 

Difficulties of natural seed regeneration (Enesar). 

Age of trees fit for natural seed regeneration (Enesar). 

Methods of natural seed regeneration (Enesar), 

Types in which lumbering precedes natural seed regenera- 
tion. 

Cleared compartment type. 

Cleared strip type. 

Cleared group type. © 

Cleared selection type, 

Types, in which lumbering coincides with natoral seed 
regeneration.: 


. Shelterwood eomaetiant type., 

. Shelterwood strip type. 

. Shelterwood group type. 

. Shelterwood selection type. : 

. Types in which lumbering follows natural seed regenera- 


tion. 


: Advance growth compartment type. 

. Advance growth strip type. 

. Advance growth group type. 

. Advance growth selection type. 

. Regeneration of valuable species by natural seed regenera- 


tion with, amongst and into companions of weedy 
character. 


. Pedagogy of the high forest. 
. Cleaning in high forest. 
. Weeding in high forest. 
- Improvement cutting in high forest. 


4 


SYLVICULTURE. 


LXII. Thinning in high forest. 
LNIII. Pruning in high forest. 
LXIV. Underplanting in high forest. 
LXV. Key to the forms of high forest. 
LXVI. Critical remarks on high forest. 
LXVII. High forest by species. 


CHAPTER III. 
The Coppice Forest. 


LXVIII. Genesis of the coppice forest. 
LXIX. Pedagogy of the coppice forest. 
LXX. Key to the forms of coppice forest. 
LXXI. Critical remarks on coppice forest. 
LXXIT. Coppice forest by species. 


CHAPTER IV. 
The Coppice Under Standards Forest. 


LXXIII. Genesis of coppice under standards. 
~LXXIV. Pedagogy of coppice under standards. 
LXXV. Key to the forms of coppice ‘under standards. 
LXXVI. Critical remarks on coppice under standards. 
LXXVII. Coppice under standards by species. 


CHAPTER V. 
Propagation of Forest Products Other Than Wood and Timber. 


LXXVIII. Raising of forest by-products. 
LXXIX. Combination of sylviculture and agriculture. 


LECTURES ON SYLVICULTURE. 


CHAPTER I. 
FOUNDATIONS OF SYLVICULTURE. 
Paragraph I. Introduction. 


Sylviculture means the raising and tending of forest products 
(wood, bark, deer, stock and other by-products). 

Sylviculture was practiced by the ancients only for park or 
crchard purposes. The first writings on Sylviculture proper appear 
in the so-called “House Father Literature.” 

Sylviculture as a discipline was developed by George L. Hartig, 
Henry Von Cotta and Christian Hundeshagen. European standard 
books on Sylviculture of more modern tenure are those of Charles 
Heyer adapted by Schlich) and by Charles Gayer. 

European Sylviculture in word and work has, in the course of 
years, petrified into a set of recipes. It is high time for Sylvicul- 
ture to be taught and practiced on the basis of Plant Ecology. 

For America, European Sylviculture at the present moment is 
of no more use than Chinese Sylviculture, owing to the great eco- 
nomic differences separating the old from the new country. The 
ecological principles underlying Sylviculture are, obvicisly, identi- 
cal for all countries. 

The planting of trees on a large scale is, in this country, now 
out of the question, since the expense of planting an acre of land 
usually exceeds the value of an acre of forest. The modern owners 
of woodlands are not far sighted enough—possibly not credulous 
enough—to anticipate the arrival of European stumpage prices for a 
time at which plantations now started will have developed into 
mature trees. : 

If we can assume that stumpage in this country will be as 
valuable in 1980 as it is now in Germany, France and England, then 
forest planting must be, at least, as remunerative here as it is in the 
old country (small soil value in the United States). 
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Sylviculture as a discipline comprises the following themes: 

A. Ecological principles, facts and definitions. 

B. The genesis of the forest. 

C. The pedagogy of the forest. 

D. The sylvicultural forms. 

In the discussion of themes B, ©, and D, a distinction is made 
between the treatment of: 

1. High forests. 

2. Coppice forests. 

3. Coppice under standards forests. 


Paragraph II. Ecological factors and their influence on the sylva. 


A. Definition—Plant ecology is a branch of botany showing the 
dependence and adaptation of plant forms and plant life of and to 
the surrounding local factors (climate, soil, ete.). 

B. Natural laws govern the organization of the species and regu- 
late the communal life (symbiosis) and messmateship (commen- 
salism) of individuals with their own kin, with relatives and with 
other plants belonging to the same household and feeding at the 
same table. 

C. The most important ecological factors are: 

I. Air. Oxygen, nitrogen and carbonic acid, the main coni- 
ponents of air, are essential for plant life. The relative proportion 
of the two integral parts, 79% N., 21% O., varies very little with 
altitude, latitude and elevation. Salt particles in the air near ocean 
and sulphuric acid in the air near melting works are very injurious 
to plant life. 

II. Light. Intensity depends on: 

Season. 
Latitude. 
Altitude. 

Direct insolation is said to be on the whole of less importance 
than diffused light (excepting polar regions). 

Light is not required for germination of seeds. Without light, 
however, there is no assimilation, and hence no possibility of tree 
life. Assimilation increases with increasing intensity of insolation; 
excessive insolation is, however, destructive. For each species, and 
for each stage of its growth, there exists a certain optimum, mini- 
mum and maximum of insolation with reference to the possibilities 
of its success. The damaging influence of excessive. insolation is 
prevented by the inner organization of the plant. 


8 


SYLVICULTURE. 


The duration (number of days) of insolation is as important as 
the intensity of insolation. Within the individual tree the lower 
branches are killed gradually, being overshadowed by new upper 
branches. Without light no bud; without bud no leafing branch; 
without new leaves annually fermed no limb can live. 

Within one and the same species a tree once acquiring superi- 
ority over its neighbors is apt to retain superiority until death. 
Since it enjoys more light, it assimilates better. 

Within rival species, owing to greater sensitiveness of chloro- 
phyll and thanks to more favorable inclination, form and position of 
leaves, some species exceed others in assimilation and vitality under 
the same influx of iight. Shade bearing are such leaves as assimi- 
late sufficiently (so as to bear buds at the axils) in spite of the 
fact that only little diffused light chances to strike them. 

Many dicotyledonous trees form a so-called “leaf mosaic,” the 
lower tiers of leaves fitting themselves into the interstices of light 
left in the upper tiers. Many leaves alter their inclination toward 
the sun according to the hourly degree of insolation (photo-metric 
movement). The epidermis of light demanding and sun-exposed 
leaves is heavy, leathery. The leaves of shade bearers are thin and 
wither quickly when picked. Light demanding leaves are often shin- 
ing, reflecting and whitish, so especially in tropical countries, and 
the leaf stomata are deeply sunk into the surface. On the same 
tree leaves growing in the shade are darker than those growing in 
the light; old leaves darker than young ones. 

The formation of spines and thorns indicates a sun plant; hair 
or down are usually found in light demanders more than in shade 
plants. 

IIT. Heat. 

For each plant and for each step of its development can be de- 
termined a minimum, optimum and maximum of heat required or 
allowed. Without heat growth is impossible, since cell division is 
impossible. The formation of chlorophyll, breathing, assimilation, 
germination, flowering, fruiting and transpiration depend on heat. 
The distribution of the genera is governed, pre-eminently, by heat. 

For some polar plants, life is possible below 32 degrees Faht. As 
a rule, however, plant activity begins to be observable at 50 degrees 
Faht. 

The maxima of heat compatible with plant life generally lie be- 
low 115 degrees Faht. Excess of temperature over maximum is 
more disastrous: than deficiency of heat below minimum. Plants, 
however, temporarily fortify themselves against periodical extremes: 
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1. By non-freezing cell contents. 

2. By reduced water contents (seed, rosin). 

3. By lignification. 

4. By dropping leaves during winter or during period of exces- 
sive drought. 

5. By adequate covers (bark, hairs, bud scales, layers rich in ait 
cells, reddish color, wrappings formed by last year’s leaves). These 
covers, at least, allow the plant to escape rapid changes of tempera- 
ture. 

Short periods of vegetation and Jong periods of rest result froin 
deficient heat. Hence no annual plants in polar regions. Short 
shoots, evergreen leaves, preparation of flowers in year preceding 
fruit are characteristic of a polar flora. In tropical countries there 
are no periods of rest unless determined by periods of drought. 

IV. Moisture of air and precipitations. 

Water is at hand. 

a. to increase the toughness of wood (imbibition water cf 
cell walls) ; 

b. to allow of solution of cell contents (cell sap) ; 

ce. to serve as plant food, through assimilation; 

d. to allow of osmotic movement of sap; 

e. to assist in photometric movement of leaves (through swell- 
ing and irritation) ; 

f. to reduce rapidity of change of temperature by evaporation. 

,. Only some lichens survive a process of absolute drying. Lack 
of moisture causes crippled growth, and frequently subterranean 
forests (mesquit). 

After Henry Mayr, the minimum of moisture compatible with 
tree growth is two inches of rainfall and fifty per cent. of relative 
humidity during period of vegetation. 

Phanerogamous plants are unable to absorb water directly 
through the epidermis, obtaining it instead through the spongiolae 
‘of the roots and, in gaseous form, through the stomata of the leaves. 
Mosses and lichens, however, absorb water directly through the epi- 
dermis. The hygroscopic power of a dead cover of mosses on the 
ground equals that of a live cover. 

Wet climate creates evergreen woods (Pacific coast and Ant- 
arctic forests of South America). 

A dry climate gives rise to annual species, to a distinct period 
of rest, to rapid flowering and fruiting. 

Precipitations equally distributed over the twelve months of an 
entire year and precipitations falling during a few weeks result in 
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entirely different floras. Rain in summer stimulates growth much 
more than rain in winter. De Candolle divides our globe according 
to moisture and heat and on the basis of floral differences resulting 
therefrom, into five regions in the fourth of which we are living. 

1. Hydromegathermal region (water great heat). Mean annual 
temperature over 68 degrees Faht. (Amazon river region, wet tropi- 
cal zone). : 

2. Xerophilous (Dry loving) region. The region and borders of 
arid deserts, prairies, sunny slopes, etc., exhibiting a flora very 
modest in moisture requirements. 

3. Mesothermal (medium heat) region, having mean tempera- 
ture of 59 to 68 degrees Faht. (northern Florida, etc.). 

4. Microthermal (little heat) region of 32 to 59 degrees Faht. 

5. Hecistothermal (least heat) region of less than 32 degrees 
Faht. 

The most important representative of a Xerophilous character 
is the Yellow Pine. The hecistothermal zone shows Spruces, Birches, 
Cottonwoods. 

V. Wind. 

Wind brings moisture and drought, heat and cold; it covers 
or uncovers vegetation with sand or snow drifts, tumbling, at 
prior gecgraphical eras, whole mountains into the valleys (Loess 
formation). Severe wind dwarfs tree growth and forces branches 
to grow in leeward direction only. ‘The influence of a slight obstruc- 
tion, preventing the access of wind at high latitudes, is splendidly 
illustrated by the growth of Spruce and Fir on Pisgah Ridge. On 
high mountains tree growth is often entirely determined by wind 
(slope of Little Ball). 

Species resisting wind best in. Pisgah Forest are Red Oak, 
Chestnut, Locust. 

Picea alba and dwarf pines like Pinus pungens and montana 
show great strength in resisting wind. In the west Tsuga merten- 
siana, Pinus albicaulis, Pinus monticola, further western Juniper 
rank first among the trees braving severe storms. 

Wind is essential for the breathing and for the perspiration of 
leaves and bark; for driving pollen on stigma to fertilize the seed; 
for trimming the branches, thus forming clear boles; for dis- 
tributing seed. The investigations conducted by Fliche (French 
Forester) have, however, yielded the astonishing result that winged 
seeds travel much slower than heavy seeds covetted by birds. Fliche 
gives the following number of years as required by trees traveling 
from Nancy to Paris, a distance ‘of 160 miles: 
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BOC snide ceed esha ee eee THE NSS REE 18640 years. 
CHEStHUE soda: taal cans terete ened 12920 years. 
PANG. et saya aieeh aut acmia waded sala tusase Dae an ey 48680 years. 
BAVVis: jc ncging yh aninwws does ews 1330 to 2000 years. 


VI. Structure of soil. 

Soil consists of natural rock; or of rock disintegrated under 
the influence of water, frost, heat, oxygen, carbonic acid, lichens, 
bacteria; or of washings deposited by water, wind or glaciers. 

The components of soil are: 

a. Soil skeleton, large grains, principally quartz and stones. 

b. Soil flesh, minute semi-soluble particles—the mud of the 
rivers. 

ce. Soil fat, the humose particles giving the soil-a dark color. 

d. Soil blood, the air and water, filling the pores of the soil. 
The size of the pores determines the capillary capacity. 

According to the resistance which soil offers to spade or plow, 
we distinguish the following classes: 

Light soil; 

Loose soil; 

Binding soil; 

Heavy soil; 

Stiff soil. 

VII. Air in the soil. 

Roots require oxygen for breathing. Like fish, they die from 
lack as well as from superabundance of oxygen. Subterranean air 
is rich in carbonic acid exhaled by roots, fungi, bacteria, animals. 
Swamp soil contains little air. Hence such species only find a 
living in swamps which have large inner air ducts (Cypress knees, 
Nyssa root, bamboo, cane breaks, sour grasses). 

Prairial soil is naturally so compact that it contains little oxygen. 

VIII. Water in the soil. 

It occurs: 

a. Chemically bound to minerals and salts. 

b. Absorbed by the hygroscopicity of soil. 

e, Raised by the capillary power of soil. 

d. As ground water—lakes, swamps, brooks being merely areas 

of open ground water. 

The size of the pores and the presence of humus govern the 
intensity: and rapidity of water obtention and retention. Sand, 
for instance, allows water to enter its large pores quickly, but gives 
.it. up rapidly as well. Wet; moist, fresh, dry and arid soil are 
distinguished. 
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. ,The degree.of wetness of soil is of the utmost importance fur 
tree grow th. ; At its southern limit, a species grows only in swamps 
or along watercourses, The water in the soil dissolves the mineral 
salts so as to form sap and, seems tc be of great influence. on the 
bacterial life in the soil. 

IX. Heat in the soil. 


‘It is derived from the earth’s own temperature, from: chemical 
processes in soil (notably fermentation) and from sun rays. In the 
latter case, the angle of insolation, the duration of insolation, the 
heat ‘capacity of soil, the color of soil, the porosity of soil and its 
vegetable cover serve as influencing factors. 

Jf A. cold root has no pumping power. Fine root fibres die from 
temperatures which fine branches easily withstand. The actual 
influence of the heat in the soil on tree growth is practically un- 
known. The opening of the ‘buds in spring and the fall of leaves 
in autumn are probably connected with the thermic changes occur- 
ring in.the various strata of the soil. 

' X. Depth of soil.’ 

Flat, rooted species easily obtain the superiority over tap- 
rooted species on shallow soil. Tree roots, however, are not apt 
to penetrate to a depth greater than six ‘feet. Shallow soil in- 
creases danger from fire, drought, storm. A tap rooted species, 
planted on shallow soil, produces only a stunted form. Shallow 
‘soil is well adapted to the coppice system, in case of broad Jeaved 
tap rooted species. 

XI. Food in the soil. 


A tree, like a crystal, is composed of various chemical elements. 
The available amount of that necessary element which happens to 
occur in the relatively smallest degree determines in both crystal 
and plant, the rate of. growth actually. taking place (Liebig’s law). 
-The Superabundance of one component, even. of a necessary com- 
ponent, prevents, on the other hand, ane local existence of many 
-Species. 

The ten necessary elements found within a plant in solid, liquid 
or gaseous condition are O, H,; C, P, Fe,-K, Mg, Ca, N, 8S. 

“Roots search food as if they had eyes,”—a rule easily proven 
dn any nursery. 

XII. Species of soil. 


a. Rock. Most important rock formations are: Granite, gneiss, 
-limestone, sandstone, slate and trap. 
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Vertical stratification facilitates decomposition and tree growth. 
The various species of rock differ in hardness, porosity, heat con- 
duction, and above all in soluble mineral contents. 

b. Quartz sand. Quartz.sand is unfertile when. pure,.since. silicic 
acid fails to be digested by the roots and fails to react with the 
acids usually found in the soil. Quartz sand is loose, has small 
hygroscopicity, small capillarity and small heat-retaining capacity. 
It is hot during the day and cold at night. 

ce. Lime. Lime when pure is a poor soil, although not quite 
as dry and hot as sand. Lime, however, mixed with loam and 
clay (so-called marl) forms an extremely productive soil. 

d. Clay. Clay has great absorbing and hygroscopic power. It 
is wet and cold. Main components are aluminum-silicates. 

e. Loam. Loam is a mixture of sand and clay—the usual soil 
in agriculture and forestry. It is usually colored by iron (red 
loam at Biltmore). We speak of a sandy loam or of a loamy sand 
according to the prevalence of one or the other component. Loam 
soil exhibits a happy medium of qualities favorable to tree growth. 

f. Humus. Humus results from the decomposition of vegetable 
and animal matter under co-operation of bacteria, fungi, rain worms 
(Darwin), larvae. Humus forms a solvent of mineral plant food. 
A bad conductor of heat and cold, it prevents rapid changes of 
temperature in soil, has great hygroscopicity and great water- 
retaining power and is a preventive to evaporation of soil moisture. 

Mild forest humus shows a basic reaction, whilst the sour humus 
of the swamps shows an acid reaction. 

Unfavorable is the dust humus formed by many- Ericaceae. 

XIII. Physical versus chemical qualities of soil. 

Agriculture withdraws food only from the top layer of soil. 
It deprives that top layer of its rarest and most valuable com- 
ponents, by the annual crop of grain excessively rich in nitrates, 
phosphates and potash. The porosity, and through it the water 
capacity and the heat capacity of soil, are readily controlled on 
the field by the plow. It is necessary in agriculture, in the long 
run, to return to the soil in the shape of fertilizer annually as 
many pounds of nitrates, phosphates and potash as have been 
removed in the shape of crops from a given acre of land. 

The productiveness of agriculture depends, above all, on the 
chemical qualities of the soil tilled. A crop of trees, on the other 
hand, takes from the soil very little, since the tree consists mainly 
of C, O, H, or since wood is nothing but air solidified by sunshine. 
The phosphates, nitrates and potash absorbed by the tree are 
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returned to the soil by the fall of branches, leaves, seeds, flowers, 
ete. 

The traces of chemical fertility locally removed in the shape 
of logs are, in addition, counterbalanced by the decomposing influ- 
ence on the rock exercised by roots and root-bacteria. 

Hence it is not likely that a rotation of crops, as is required 
in fields, has any advantages in the case of forestry. In primeval 
woods, we know that Nature allows a species to succeed itself, 

The physical qualities of the soil preeminently influence the tree 
species and the rate of its growth. The chemical qualities of the 
soil play the most potent role in the case of agricultural species. 

Soil fit for agriculture is not necessarily good forest soil 
(prairies). Soil fit for forestry (strong north slopes) is often 
utterly unfit for farming. 

XIV. Soil covers. 

Soil covers are either dead or living. Dead soil covers are 
snow, debris of leaves and twigs. Living soil covers consist of 
mosses, grasses, ete. 

Snow keeps the soil warm, prevents rapid changes of tempera- 
ture, prevents young plants covered by it from perspiring, prevents 
lifting of plants by frost. 

The debris on the ground feed millions of animals and fungi; 
they harbor, on the other hand, mice, larvae and other enemies of 
plant growth. Debris frequently prevent reproduction from self- 
sown seed and increase the severity of forest fires. Living as well 
as dead soil cover influences evaporation of moisture, porosity of 
soil and water drainage. : 

XV. Life in the soil (Compare Swiss L. F. F. 1904, May and 
June). 

The soil lives like a plant or an animal, since it shows con- 
tinuous changes of form and of composition. Very little, however, 
is known of the life and the interdependence of millions of live indi- 
viduals found in the soil. Certain it seems that tree growth is 
bound on the presence of certain fungi and bacteria living on the 
roots (Mycorrhiza). Most important are the bacteria capable of 
digesting the nitrogen of the subterranean air. Leguminous plants 
(Clover, Black Locust) are beset with root knobs, containing bacteria. 
busily engaged in the assimilation of. nitrogen. The. hyphae of a 
fungus called Frankia play a similar role on the root knobs of 
Alder and Sweet Fern. After P. C. Mueller, Spruce will grow on 
poor sand lacking nitrogen if Pine is. mixed with it, furnishing 
nitrogen through its mycorrhiza. 
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The maximum number of bacteria is said to be found two feet 
below the surface of the ground, and none exist below six feet. 
The number of bacteria per pound of soil varies from one hundred 
million to two hundred and fifty million. ; 

Important, too, in plant ecology is the life of the larger animals 
(worms, insects, centipeds) changing the vegetable matter of the 
soil into manure proper, mixing mineral soil and vegetable matter, 
increasing the porosity, drainage and aeration and neutralizing the 
acids of the soil: Shade, protection from wind and sufficient moisture . 
are beneficial to animal life in the soil. 


Paragraph III. Influence of the sylva on the ecological factors. 
, The influence exerted by the forest on local climate (heat, air, 
precipitations, etc.) is dwelt upon in the lectures on forest policy. 
Whilst the ecological factors shown in the previous ‘paragraph 
exhibit the important influence which the soil has on the tree, there 
exists ‘at the same time, although to a lesser degree, an influence 
of the tree on the soil. This influence is invariably such as to facili- 
tate life to the tree itself and to its progeny. ‘The production of 
humus is the main source of that influence. : 

‘Governing factors are: 

A. Leaf canopy overhead. Evergreen as well as deciduous woods 
annually return to the soil by the leaf fall a large amount of dead 
matter readily assimiilable. Shade bearers furnish a better humus 
than light demanders, excluding, at the same time, intensive insola- 
‘tion, so that the decomposition of the leaf carpet and the evaporation 
of the soil moisture is favorably retarded. 

A humus formed by Beech, Maple and Chestnut is considered 
especially good. Beech is justly ‘called abroad the “Mother of the 
Forest,” owing to its soil-improving qualities. The leaf canopy is 
particularly dense during the thicket aud the pole-wood stage. Even 
light demanders, whilst young, improve the fertility of the soil. At 
a higher age, when the light demanders place themselves far apart 
one from another (say less than 100 trees per acre), the humus on 
the ground is destroyed, being replaced by a dense and impermeable 
matting of grasses or shrubs. 

Amongst the conifers, Yellow and White Pine seem to furnish 
the best humus. Spruce humus is tdo waxy. 

B. Rate of disintegration of leaves. 

This rate depends on insolation, on heat capacity of soil (sand 
versus clay), on atmospheric humidity. Uusually, decomposition of 
leaf fall takes place within two or three years. The thin leaves of 
the shade bearers decompose quicker than the heavy leaves of the 
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light demanders. The high atmospheric moisture of high altitudes 
causes accumulation of large quantities of leaves. In the tropics 
there is little litter on the ground. 

C. Root system. 

It is the decaying root which allows the precipitations to trickle 
down to the lower strata of soil. Hence tap rooters seem more 
efficient than flat rooters in converting a rapid surface drainage into 
a slow underground drainage. Decomposing the rock by chemical 
action, the tap root forces it to yield its soluble salts. 

D. Soil improvement through root-bacteria and fungi. 

The upper layers of forest soil are densely peopled with the 
hyphae of basidiomycetes, living on humus. Leguminous trees 
(Locust, Kentucky Coffee tree, ete.) by their root-bulbs increase the 
fertility of the soil, and the Alders seem to act in a similar way. 
Qn abandoned fields in Pisgah forest the soil is improved by Su- 
mac, Sassafras, Locust, etc. These species act as ushers for more 
exacting forest growth, improving the physical conditions of the 
soil. 


Very little is known about the nature of the improvements. 


Paragraph IV. The North American Sylva. 


The northern limit of the forest coincides with the isothermal 
line, 30 degrees Faht., which lies on the west side of the continent 
at 70 degrees latitude in Alaska (under influence of the Japan cur- 
rent), and on the east side at 55 degrees latitude in Labrador and 
at the Hudson Bay. 

The rainfall and, consequently, the existence of forest depends 
on the moist sea winds supplied by the Pacific, the Atlantic, the Gulf 
and the Great Lakes. A cross-section through North America at 
the latitude of Lake Michigan and Portland, Oregon, shows the 
inter-dependence between the lowest gaps in the mountain chains and 
the forest on the next mountain chain lying to leeward. For in- 
stance; lowest gap in Coast Range at 3,000 ft. above sea level; no 
forest in Cascades below 3,000 ft.; lowest gap in Cascades at 4,000 
ft. above sea level; no forest in Blue Mountains below 4,000 ft.; 
lowest gap in Blue Mountains at 5,000 ft. above sea level; no forest 
in Rockies below 5,000 ft. 

The east slope of the Coast Range, Cascades, Blue Mountains and 
Reekies shows little or no forest, and the lowlands to the east of 
the mountain chains are deserts and prairies. 
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Moist sea winds, after passing one chain allow the forest to 
grow on the next chain only above the altitude of the gaps in the 
first chain. ; 

The following table shows the composition of the forest of the 
United States and of Canada, under the influence of the climate: 


Percentage of forest area occupied by: 
In United States. In Canada. 


Tropical forest ........6- sce e eee cree eee eees Wy% U% 
Sub-tropical forest ....... 6.6. e eee eee eee ees 15 % 0% 
Forest of the moderately warm zone..........- 75 % 10% 
Forest of the moderately cold and alpine zone. . 9149 90% 


The United States contain two big and one minor forest region, 
namely the 

Atlantie forest region; 

North Mexican forest region; 

Pacific forest region. 

The Atlantic and the Pacific forest join under the influence of 
the Hudson Bay winds at 52 degrees latitude, in Assiniboia. There 
are no prairies proper north of this latitude. 

The tropical forest shows no seasons. Its species are evergreen. 
In the United States it is found only at the extreme southern point 
of Florida. 

The sub-tropical forest is characterized by the evergreen broad- 
leaved trees, and is the zone of rice and oranges, extending in east- 
ern North America to 35 degrees, in western North America to 
40 degrees, latitude. 

The moderately warm forest region is the zone of the broad- 
Jeaved deciduous trees, of corn, vine and wheat. 

The moderately cold forest region is that of the evergreen 
ecnifers too cold for the production of corn. 

In North Carolina a trip from the coast to the high Balsams 
leads the traveler from the northernmost limit of the sub-tropical 
through the moderately warm forest region into the southernmost 
limit of the moderately cold forest region which sets in at about 
6,000 ft. elevation. \ 

A. The Atlantic forest. 

I. Eastern tropical forest. Mahogany occurs only as a small 
tree; Palms and other tvpically tropical orders (Sapotaceae, Ebon- 
aceae, Euphorbiaceae, Verbenaceae) compose the forest. It must 
be remembered that Southern Florida exhibits only the extreme 
northern occurrence cf the tropical forest. 
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II. Eastern sub-tropical forest. It shows evergreen Oaks, Mag- 
nolias, Persea, etc., besides the Pines, the soil being too poor for the 
formation of a large wintergreen broad-leafed forest. The winter 
temperature averages 53 degrees Faht.; precipitations are heavy; 
relative humidity is 75 degrees. Sabal palmetto is a characteristic 
weed. Bald Cypress and Cuban Pine are characteristic trees of the 
region. Among the other Pines, the Long Leaf Pine is the most 
important, associated in the north and west with Pinus clausa, 
echinata, taeda, serotina, glabra. Liquidambar, Nyssa and Fraxinus 
platycarpa occur in swamps at the edge of which southern White 
Cedar frequently appears. 

Ii. Eastern winter bald forest of the moderately warm zone. 
It is fringed at the south, north and east by a broad belt of Pines, 
which belt connects this region at the south with the sub-tropical 
forest, at the north with the Fir and Spruce forest of the moderately 
eold zone. It is divided into a northern and a southern half by the 
39th degree of latitude. Each half shows an Atlantic, a central 
and a prairial sub-region. 

a. South Central sub-region. Traversed by the Mississippi, the 
sub-region is characterized by high temperatures, large precipita- 
tions and fine soil, which allow of the best development of broad- 
leaved woods found in the world. Twenty-three Oak species, eight 
Hickory species, two Walnuts, Buckeyes, Chestnut, Gums, Cotton- 
woods, Yellow Poplar, Sycamore, Beech, Maple, Elm, Red Cedar, ete., 
stand in a dense undergrowth formed by Dogwood, Kalmia, Rho- 
dodendron, Hazel, Cherries, Hawthorn, Buckthorn, Witch Hazel, etc. 

In this sub-region the heavy seeded broad-leaved trees obtain 
the maximum of size, quality and number of species at altitudes 
running up to 3,000 ft. Higher up the number of species diminishes. 
At 5,000 ft. only Red Oak, Chestnut, Beech, Buckeye, Sugar Maple 
(resembling north central subdivision) are found, and at 6,000 ft. 
the Spruces and Firs (southernmost sentinels of moderately cold 
zone) set in. 

b. South Atlantic Sub-region. It comprises the Eastern foot- 
hills of the Alleghanies (Piedmont Plateau) and part of the Coastal 
Plain. Temperature 34% degrees Faht. less, soil poorer, precipita- 
tions less abundant than in the South Central Sub-region, hence much 
Pine (taeda, mitis, rigida, virginiana). Only ten Oak species; White 
Cedar swamps; broad-leaved flora otherwise as in South Central, 
but of rather inferior development. 

e. South Prairial Sub-region. Extending from the 92nd to the 
102nd degree of longitude, the forest appears poorer than the annual 
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temperature and the annual rainfall seem to indicate; a discrepancy 
between cause and effect, possibly due to forest fires. West of the 
95th degree of longitude, Oak, Ash and Walnut occur along rivers, 
especially on Eastern banks. Oak also appears scattered through 
the depressions. 

d. North Central Sub-region. Precipitations very abundant 
from South as well as North. Average winter terhperature 30 de- 
grees Faht. Quick change of temperature. The light-seeded, broad- 
leaved species reach maximum in this section, also White Pine an! 
Hemlock. Six Maples, five Birches, Elms and Lindens, further Ash, 
Buttérnut, Red and White Oak compose the forest. 

e. North Atlantic Sub-region. Plenty of moisture, the moun- 
tains being close to the sea-shore, but not so much as in Lake states. 
-Average winter temperature 34 degrees Faht. at seashore. Pinus 
rigida and mitis, Beech, Birch, Chestnut, Maples, often replaced by 
Poplar and Willow. Spruce sets in at altitude exceeding 1,000 ft., 
accompanied by Hemlock, White Cedar, Red Cedar, White Pine and 
Tamarack. 

f. North Prairial Sub-region. Dry summers, blizzardy winters 
and more sandy soil. No Hemlock. Red Pine and Jack Pine intrud- 
ing fom North. Scrub Oak openings. On best soil still good develop- 
ment of Linden, Maple, Elm and Birch. White Pine of poorer quality 
than in sub-region “ d.” 

IV. Eastern Evergreen Forest of the moderately cold zone. 

The majority of this zone lies in Canada, in northern Lake states, 
Maine. It occurs in North Carolina at 6,000 ft. elevation; in the 
Adirondacks at 2,000 feet; in Maine at sea level. , 

The region occupies a big belt stretched across the continent, so 
that western and eastern flora joins hands in it. A typical tree of 
this region, the White Spruce, often forms large pure forests, Other 
species of the zone are Red Spruce, Black Spruce, Balsam-fir, Cotton- 
woods, Cance Birch, Hemlock, White Cedar and Tamarack, the latter 
here optaining its optimum. 

B. The North Mexican forest. 

The North Mexican Flora intrudes, coming from Mexico, Arizona 
and New Mexico. It is different from the Pacific flora, unimportant 
commercially, interesting only botanically. Forest possible only at 
altitudes exceeding 5,500 feet. Forest proper—dense forest—only at 
8,000 feet. 

I. North Mexican sub-tropical forest. 

Characterized by Cactus, Yueca, Agave and Mesquite (Prosopis). 
Evergreen Oaks in moist valleys. Madrona (Arbutus), a beautiful 
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tree, on sunny slopes often mixed with Manzanita (Acrostaphylos 
pungens). 

II. North Mexican forest of the moderately warm zcne. 

This zone, very narrow, should contain winter-bald broad-leaved 
species. The dryness of the soil and of the air, however, allows of 
their occurrence only on moist ground along rivers. Western Walnut, 
Mexican Ash, Poplars and Willows. The Pines are the leading 
species of the zone, forming huge forests at altitudes exceeding 6,000 
feet elevation. Some of these Pines are northern sentinels from 
Mexico, others outposts from the States. Most important is Pinus 
Chihuahuana, in Mexico largely used for timber, up to 80 feet high, 
three feet in diameter, three needles. Pinus Arizonica, a five-needled 
pine, occurs at 6,000 feet elevation. Pinus reflexa, locally known as 
White Pine, occupies moist dells at 8,000 feet elevation. Nut pines 
at lesser elevations as low brush, notably Pinus edulis, monophylla. 
osteosperma. ‘ 


C. The Pacifie forest. 

Typical difference from Atlantic forest lies in the relative lack 
of broad-leaved woods—not in species, but in area. Tropical forest 
is absent, possibly due to-lack of moisture at low elevations in 
“outhern California. 


I. Pacific sub-tropical forest. é 

Occupying Southern California. This zone is devoid of dense 
forests, the northern edge excepted. Evergreen Oaks, or rather 
Winter Green Oaks (Quercus densiflora is leafless during dry sum- 
rer) dot the ground in park-like groves. California Laurel (Um- 
bellularia californica) is a characteristic tree of this region, growing 
up to 100 feet high. Impenetrable bush thickets cover hot aspects, 
fermed by Leguminosae, Labiatae, Compositae, Rosaceae, etc. The rare 
and beautiful Montery Cypress along the seashore. Sequoia sem- 
pervirens is the biggest. tree of the zone, found only at its edge in 
the Coast Range. Pinus insignis known as Montery Pine is valu- 
able on sand dunes. 

Pinus tuberculata (attenuata) occurs most frequently in even- 
aged woods. Pinus sabiniana, Nut or Digger Pine, valuable for the 
Indians, of Olive-like appearance, is mixed in the Oak parks and in 
the Chaparal thickets. Another Nut Pine is Pinus parryana, grow- 
ing 30 feet high. Pseudotsuga macrocarpa on St. Bernardino range. 
Eucalyptus and Accacia were successfully introduced from Austra- 
lia, Oranges and Figs from the Orient. 


II. Pacific forest of the moderately warm zone. 
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This zone covers the major part of Oregon and Washington and 
the mountains of Northern California. It is characterized by very 
even annual temperature and high precipitations. Here the winter 
bald broad-leaved species should rule supreme. The winter bald 
Oaks are represented in Oregon by Quercus garryana (White Oak), 
in California by Quercus Kellogii (Black Oak), Fraxinus Oregona, 
Acer macrophyllum, Populus trichocarpa (Black Cottonwood, the 
biggest Cottonwood of the world) occupy the bottom land along the 
rivers; further Sorbus, Amelanchier, Crataegus, Prunus, Salix, Aes- 
culus, Alnus, Acer, Platanus, Negundo, Betula. All of these latter 
species unimportant commercially. 

In strict contrast with the Atlantic forest of the same zone, 
the conifers rule in importance, foremost among them the Douglas 
Vir (Pseudotsuga taxifolia) which stands temperature of 15 degrees 
Faht. easily. Best development on west slope of Coast Range. in 
the Rockies, it forms only summer shoots and short boles, owing to 
shorter growing season and lack of atmospheric moisture. In Colo- 
rado, Arizona, New Mexico occurs a gray variety. In the Sierras it 
appears only as a dependent species. 

Pinus ponderosa (Yellow Pine, Bull Pine). Height and timber 
quality depend on proximity to Pacific Ocean. Optimum in Sierra 
Nevada, where trees 300 feet high are frequently found. Very 
heavy sap-wood. Name ponderosa undeserved. No tree of the 
United States occupies a larger territory or shows greater adaptabil- 
ity. 

Chamaecyparis lawsoniana (Port Orford Cedar) occupies only a 
very small territory close to the Pacific Coast. Does not ascend 
mountains to over 1,500 feet. Heavy shade bearer, splendid repro- 
duction. 

Thuja plicata (Red Cedar of the West) up to 170 feet high. 
Rare in California. Best development in Oregon and Washington and 
Northern Idaho, where it occupies only the moister coves. Boles 
very tapering; shade bearing; thin bark. 

Libocedrus decurrens (White Cedar, Bastard Cedar) on west 
slope of the Sierras at medium elevations, where the tree is mixed 
with Abies concolor, Yellow and Sugar Pine. Regeneration easy, 
often in places previously occupied by the Pines. 

Pinus lambertiana (Sugar Pine), a White Pine since it has five 
needles in a sheath. Specifie gravity even less than that of Eastern 
White Pine (Pinus strobus). The biggest Pine of the world. Very 
large cones. Optimum in Sierras at 5,000 feet elevation; occurs often 
with Sequoia, Libocedrus, Abies concolor, Yellow Pine, Pinus Jef- 
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freyi. The latter, a very close relative to ponderosa and distin- 
guished from it by bluish shoots and needles bent towards the 
shoots, occupies the lower Sugar Pine belt. It prefers moist ground 
and reaches only one-half the size of ponderosa. 

Mayr groups the above trees as follows, according to their de- 
mands on moisture: : 

Demands on soil moisture: 


1. Libocedrus decurrens, 
2. Pinus jeffreyi, 

3. Abies concolor, 

4, Pinus lambertiana, 
5. Pinus ponderosa. 


Demands on air moisture: 


1. Abies concolor, 

2. Pinus lambertiana, 
3. Pinus jetfreyi, 

4. Libocedrus decurrens, 
5. Pinus ponderosa. 

Abies grandis (White Fir of Northern Pacific Coast). The only 
fir on Vancouver Island. Optimum at coast in Oregon where it 
grows up to 300 feet high, standing alongside gigantic Cottonwoods; 
extends eastward across the Northern Rockies, and is the first Pa- 
cific fir met by the traveller going west on the Northern Pacific. 
Requires moist soil. 

Abies concolor (White Fir of Colorado and of the Sierras). 
Running south to the San Bernardino mountains, where it occupies 
elevations of up to 10,000 feet. Traversing Nevada, it occurs in 
Colorado (gardener’s variety glauca). It accompanies Sugar Pine 
and Bigtree. After Muir, always mixed with Abies magnifica, occur- 
ing at altitudes ranging between 5,000 feet and 8,000 feet. 

Abies bracteata (Santa Lucia fir of high mountains) occurs in 
Southern California in moist cool dells. 

Tsuga heterophylla (Black Hemlock of low elevations). A fine 
tree, the progeny of which forms a dense undergrowth underneath 
Douglas fir. Heavy shade bearer, requiring plenty of moisture, oc- 
curring in Alaska, Coast range and Cascades. 

Picea sitchensis (Tideland Spruce). Along coast on very moist 
soil in Washington, on dryer soil in Alaska, very shade bearing and 
branchy. Stinging needles. Up to 200 feet high. 

Sequoia Washingtoniana (Bigtree). Occurring only in the Sierras 
in scattered groups at elevations ranging from 4,000 to 7,000 feet. 
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Enormous seeding capacity and sprouting capacity. Average di- 
ameter 20 feet, height 275 feet, age up to 4,000 vears. 


III. Pacific forest of moderately cold zone. 


This zone is economically of no importance, although it is the 
forest zcne proper, owing to the impossibility of agriculture within 
this zone. It is “The Canadian Forest Zone.” It lies in the Sierras 
at 8,000 feet, in the Cascades at 4,000 feet, and in Alaska at seashore. 
The forests of the Northern Rocky mountains belong to it preferably. 

Pinus murrayana (Lodgepole Pine). Shade bearing, in close 
stands, very branchy, very sappy, retaining cones, easily destroyed 
by fire, closely related to the Jack Pine of the east. Frequent on 
old burns, typical for Yellowstone Park, going south to Arizona, 

Larix occidentalis (Western Tamarack). - Splendid lumber tree, 
often in pure forests, optimum in Montana, natural regeneration 
easy, rapid height growth, little sap wood, timber equal to Long 
Leaf Pine. ‘ 

Pinus flexilis (Limber White Pine). More branchy and much 
shorter than eastern White Pine; forms open forests on south slopes 
of Sierras and in Nevada at 7,000 feet elevation; from Montana it 
extends southward to Colorado. 

Pinus monticola (Mountain White Pine). In Cascades, British 
Columbia, Idaho, Montana, in the latter state more on slopes drain- 
ing westward. 

Abies nobolis, amabilis, magnifica, the Red Firs of the west. 
Magnifica known in California,as Larch. The two first named often 
associated with Abies grandis and more frequent in Washington and 
Oregon than in California. Amabilis.extends into Alaska. Red Firs 
are lacking in the Rockies. Needles are dark. 

Picea engelmanni (White Spruce). At home in middle and 
southern Rockies, on northern slopes at altitudes averaging 10,000 
feet. 

Picea parryana (Colorado Blue Spruce). Needles very pointed 
and stinging, of a bluish tint. Occupies moist ground. 

IV. Pacific forest of the Alpine region. 

Typical trees are: 

Pinus albicaulis (Dwarf White Pine). Occurring in the Cascades 
and the Rockies (Utah). 

Pinus balfouriana and aristata (Fex-Tail Pine). White Pine 
found in California at 8,000 feet to 12,000 feet elevation; twigs thin, 
retaining needles for many years. ‘ 
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Abies lasiocarpa (Balsam). At edge of tree growth only a 
shrub. In Colorado at lower, warmer situations a valuable tree. 
Occurs in all states of the west. 

Larix lyallii (Larch of British Columbia). Occurs here and there 
in Washington, Idaho and Montana, at very high altitudes. 

Tsuga mertensiana (Hemlock). A storm-battered hemlock, at 
high altitudes in Sierras, Cascades, Montana. A branchy tree up to 
100 feet high, inaccessible and hence of no value. 


Peragraph V. General definitions and explanations. 


A. In Europe, under the term “ Wood” is understood an aggre- 
gate of trees of such uniform character that it can be subjected to 
the same manner of treatment. In the American virgin forests, 
“woods” are rare. As a matter of fact the term “ woods” as well 
as the term “forests ” has no definite meaning in America. A fores- 
ter should keep in mind, however, that a plantation or a natural 
regeneration, whatever its age and its condition, must be classed 
under the heading “ forests.” 

A “group ” of trees consists of even-aged specimens of the same 
species and is larger than a bunch, clump, or cluster. No recog- 
nized definitions of the term “group” and “clump” are at hand, un- 
fortunately, based on the space or the acreage covered by them as 
units. Groups, as understood in the following pages, are distinct 
aggregates cf trees covering ~, ‘o + acres. 

B. Pure forests, pure woods, pure groups or bunches are such 
as contain one timber species only, 5 per cent. admixture being 
permissible. Species able to form pure forests are termed gregari- 
ous or ruling species, sub-divided into distinctly ruling species, which 
are usually found in pure stands, and conditionally ruling species, 
which are occasionally found in pure stands. 

I. After Drude, the participation of a species as a mess-mate at 
the forest table is expressed by the following terminology: 

a. Social species, denoting the main character, the striking 
feature (in numbers and volume) of the forest; the rank and file 
cf the forest. 

b. Gregarious species, occurring in clumps and groups, island 
like; “8 

ce. Copious species, interspersed with others, the degree of fre- 
quency being interpreted by exponents, f. i., copious’, copious’, copi- 
ous’; 

d. Sparse species, occurring isolated and in single specimens; 

e. Solitary species, very isolated and very rare. 
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II. It might be preferable to express the ratio of the participa- 
tion in per cent. 

Social, forming 60% and over of growing stock. 

Gregarious, forming 40% and over of growing stock. 

Copious, forming 20% and over of growing stock. 

Sparse, forming 1% and over of growing stock. 

Solitary, forming less than 1% of growing stock. 

Intermediate stages might be indicated by a union of the given 
designations, f. i., “* social-gregarious.” 

III. The configuration of the ground and the rapidity of its 
change vitally influence the possibilities of a species as a component 
of the forest. : 

IV. Species which are not, or which are locally not, “ruling” 
species are called “ dependent ” species. 

A species might be ruling in North Carolina, while it is depend- 
ent in South Carolina. The distribution of the species is limited 
by its demands on soil and climate. Far away from the center of 
distribution a species is likely to be dependent. 

V. The ruling species in the south are: Long Leaf Pine, Bald 
Cypress, Loblolly Pine, Short Leaf Pine, Sweet Gum, Post Oak, 
Cottonwoods, Chestnut. 

The ruling species in the west are: Lodgepole Pine, Pinus ponde- 
rosa, Douglas Fir, White Fir (Abies grandis), Engelmann’s Spruce, 
Western White Pine, Port Orford Cedar, Redwood, Sitka Spruce. 

VI. Obviously the meek species are those that conquer the globe. 
With the inroads of civilization on the fertility of the soil, and 
especially on the water capacity of the soil, these meek species 
obtain additional chances to supersede the exacting species. 

C. Weapons of the species in the struggle for existence are: 

I. Shade-bearing qualities. 

II. Modesty as regards the fertility of soil, the moisture and the 
heat during the period of vegetation. 

III. Power of resistance to storm, sleet, snow, late and early 
frosts, droughts, fire, ete. 

IV. Immunity from forest insects and forest fungi. 

V. Longevity. Oak lives longer than Beech; Sequoia longest of 
all. 

VI. Reproductive power, especially reproductive power from 
stumps, frequency and richness of seed years. 

VII. Portability and sensitiveness of seeds; number of enemies 
of seeds; germinating percentage of seeds. 

VIII. Rapidity of height growth in early youth. 
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D. Density of stand. Every ruling species shows a particular 
density of cover and a particular ramification during every stage 
of its life, when grown in pure forests. 

I. Density of leaf cover overhead. 

a. The form of the crown of the individual depends on side- 
shade, topshade, neighborly friction and quality of soil. 

b. Natural regeneration causes a greater density of cover than 
artificial regeneration, certainly during the thicket and pole staze. 
Other influencing factors are: quality of the soil, age of the forest, 
inroads by snow break, wind fall, fire, deer, fungi, insects. 

ce. A dense canopy overhead produces clear boled timber and 
allows of a heavy layer of humus on the ground. The method of 
regeneration distinctly influences the value of the timber to be 
formed. 

II. Number of trees per acre. 

Under normal conditions an acre of pure forest contains the 
more specimens of equal height or diameter, the better the quality 
of the soil and the better the climate; and the more specimens of 
the same age, the poorer these factors are. For example—Yellow 
Pine Forests: 


Number of trees per acre. 


Soil. Boles 75’ long. Diameter 12.” Age 60 yrs. 
I quality... 320 240 380 
II quality... 240 215 460 
TI quality... 190 190 540 


During the pole stage and tree stage shade bearers exhibit per 
acre of ground about 50% more trees than light demanders. 

The following curve illustrates the interdependence between age 
and number of trees per acre: 
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III. Growing space of a tree. 

In their early youth all species stand or even desire a dense 
cover overhead. When the food supply stored in the seed shell is 
consumed, however, the seedling requires light to digest its food. 
With increasing age, the tree boles getting longer, the crowns rub 
and beat one another intensely, swaying pendulum fashion in the 
wind. As a consequence each crown is surrounded with an air space, 
the relative width of which depends largely on the length and-the 
flexibility of the bole. It might be stated that the growing space 
of a tree is a function of the square of the gradually lengthening 
bole. 

Trees differ in the ease with which warring neighbors lose their 
kuds and shoots. Oak, for example, loses its May shoots easily, 
whilst Beech, struggling with Oak, loses a few leaves only along its 
flexile swaying twigs. In heavy storms Yellow Pine often loses 
whole branches. White Pine, on the other hand, does not easily 
lose its shoots. The top shoots of the taller individuals are immune 
from harm. Thus a tree, once in the lead of its competitors, has a 
good chance to retain the lead over: them. 

IV. Grades of density of cover are: Pressed cover, Close cover, 
Light cover and Open cover. No strict definition of these terns can 
be given. Obviously the number of stems under pressed conditions 
is very large. 

Indications of a normal cover are: 

u. Relation between length of crown and length of bole. 

b. Normal diameter growth and height growth. 

vc. Proper participation of the various diameter classes in’ the 
volume of wood at hand. The normal participation in a pure, even- 
aged wood is for the 

Ist. Diameter class—40% of total volume. 

2nd, Diameter class—24% of total volume. 

3rd. Diameter class—17% of total volume. 

4th. Diameter class—12% of total volume. 

5th. Diameter class— 7% of total volume. 

If cover overhead is too dense, the first class shows over 40% of 
volume and vice versa. 

V. In nature, the same causes necessarily have the same result. 
The causes of timber production are soil and atmospheric food “ fall- 
ing ” onto the soil in the shape of sunshine, moisture and air. Hence, 
whatever the species are, it seems as if the acre of ground, fully 
stocked, must produce on the annual average the same weight of 
timber—not the same volume of timber. Thus, ceteris paribus, 
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species of light specific gravity are the best volume producers. Since, 
however, shade-bearing species are better digestors of atmospheric 
and terrestrial food, the largest growth per acre per annum is 
obtained from shade bearers of light weight (Hemlock, Spruce, Fir, 
White Pine). 

In the virgin forest the annual production of wood fibre is 
exactly offset by the annual death and decay of wood fibre. The 
virgin forest is a forest seemingly in economic stagnation. 

VI. The sectional area of-a tree usually measured chest high 
(4% feet above ground), inclusive of bark, is the area of the circle 
corresponding with the diameter measured chest high. 

The sectional area of an acre of forest is the sum total of the 
sectional areas of the trees standing thereon. It rarely exceeds one- 
half per cent. of the acreage of the ground, or 218 square feet 
per acre. 

E. Rotation. 

Under rotation is understood the number of years which a seed- 
ling requires to reach maturity. For a second growth in America, 
rotations will vary in length from 60 years to 160 years, according to 
the species and local conditions. During a rotation a wood lot may 
pass through the cleaning stages, thinning stages, the stage of pre- 
paratory cutting, the seed-cutting stage and the stage of final 
removal. 

F. Size classes and age classes. 

I. Pinchot adopts the following seven age classes or size classes 
of trees in his “ Primer:” 

a. Seedlings, up to 3 feet high. 

b. Small saplings, from 3 to 10 feet high. 

c. Large saplings, 10 feet high to 4 inches diameter. 

d. Small poles, from 4 inches to 8 inches diameter. 

e. Large poles, from 8 inches to 12 inches diameter. 

f. Standards, from 12 inches to 24 inches diameter. 

z. Veterans, over 24 inches diameter. 

II. During the sapling stage, the specimens form a thicket; dur- 
ing the pole stage, they form a polewood; and during the standard 
and veteran stage, a tree forest. 

III. During the thinning stage (pole stages) of trees in an even- 
aged wood, the following classes of mess-mates might be distin- 
guished: 

a. After Schlich, “Dominant,” “Dominated,” “Suppressed, yet 

‘ alive,” and “Dead.” 
b. After Pinchot, “ Dominant,” “ Retarded,” and “ Overtopped.” 


29 


SYLVICULTURE. 


e. The usual classification, adopted by German foresters after 
Krafft is: 

1. Predominating trees, having crown strikingly well developed. 

2. Dominating trees, with well-developed crowns, forming the 
main cover overhead. 

3. Condominating trees, with crowns of a fairly normal form, 
but of somewhat poor vigor, carrying, however, their crowns within 
the level of the main canopy. 

4. Dominated trees with crowns more or less crippled or pressed 
from the sides, subdivided into two sub-classes, viz.: 

_a. Most of crown free from cover overhead. 

b. Most of crown underneath cover overhead. 

5. Trees absolutely suppressed, standing entirely under the cover 
of others. 

G. Eyen aged woods: 

Woods, the components of which differ in age by less than 25 
years, are called “even-aged woods.” 

In America, even-aged woods and hence the advisability of thin- 
ning is mighty rare. The struggle for existence between even-aged 
comrades can readily be alleviated by the forester’s interference. 

In America, even-aged woods are formed, for instance: 

I. By Long Leaf and by Cuban Pine. 

Il. By Jack Pine and Lodgepole Pine. 

Ill. By Bald Cypress. 

IV. By Douglas Fir. 

V. By Pinus echinata, taeda, strobus, ponderosa, virginiana on 
abandoned fields. 

H. Distribution of species. 

The horizontal distribution of species depends on the latitude 
and the proximity of the ocean, or better on sea winds, and pro- 
ceeds parallel with the vertical distribution. In the neighborhood 
of Biltmore, the following altitudes may he given: 

Spruce and Fir—5,500 ft. 

Beech—2,000 to 6,000 ft. 

Hemlock—2,000 to 3,800 ft. 

Chestnut—2,000 to 5,000 ft. 

Chestnut Oak—2,000 to 4,000 ft. 

Pignut Hiekory—3,000 ft. 

Bitter-nut Hickory—3,800 ft. 

Black Cherry—3,500 to 5,000 ft. 

Pinus virginiana—2,000 to 2.500 ft. 

Pinus strobus—2,000 to 3,500 ft. 
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Yellow Poplar—2,000 to 4,000 ft. 

Buckeye—3,000 to 6,000 ft. 

Red Oak—2,000 to 5,500 ft. 

White Oak—2,000 to 5,000 ft. 

Spanish Oak—-2,000 to 3,800 ft. 

Post Oak—2,000 to 3,000 ft. 

Black Oak—2,000 to 3,600 ft. 

Kchinata—2,000 to 2,600 ft. 

Rigida—2,000 to 3,500 ft. 

Pungens—4,500 ft. 

Locust—2,000 to 5,500 ft. 

Black Gum—2,000 to 4,000 ft. 

Every species thrives best in certain centers, which are few in 
the case of the exacting and numerous in the case of modest 
species like yellow Pine, both east and west. 

Aside from vertical and horizontal elevation, the influence on 
distribution exercised by storm, snow and sleet is very marked. 


Paragraph VI. Light demanders and shade bearers. 

A. A plant is termed the more shade bearing or tolerant of 
shade, the less light it requires for the functions of assimilation, 
breathing, perspiration, flowering and fruiting. Only parasites live 
without light, and hence without chlorophyl. 

B. The following characteristics, in their aggregate and not 
singly, may lead the observer to classify a tree as a shade bearer: 

I. Dense leaf canopy. 

II. Leaves thin, dark, fiat, more numerous, not glossy, not 
downy, not bunched at the ends of the branches, with blades spread 
horizontally, withering quickly after separation from the branch. 

III. Thin bark. 

IV. Thick sapwood. 

V. Branches persistent, spread flat or pointing downward, com- 
paratively thin and interlacing. Crowns long. 

VI. Little live soil cover, and a heavy layer of dead humus 
underneath leaf canopy. 

VII. Dense stand of trees. 

C. Factors influencing the relative demand for light within one 
and the same species are: 

I. Latitude and hence intensity of insolation. 

II. Exposure. 

III. Fertility of soil, and hence digestive power. 

IV. Age of plants. 
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V. Distance between the crown levels of the shaded and of the 
‘shading trees. 

Instances for I and III. 

White Pine is, in the south, almost shade bearing; in the 

north it is almost light demanding. 

Yellow Poplar on fertile soil stands heavy shading overhead. 

D. Woody species in their relative order of resistance against 
heavy shading might be arranged as follows: 

I. Relative order for the southern Appalachians: 

Witch Hazel. 

Dogwood. 

Fir. 

Hemlock. 

Hard Maple. 

Chinquapin. 

Black Gum. 

Spruce. 

Soft Maple. 

White Pine. 

Pinus virginiana. 

Linden. 

Chestnut. 

Red Oak. 

White Oak. 

Chestnut Oak. 

Ash. 

Spanish Oak. 

Black Oak. 

Finger Oak. 

Post Oak. 

Pinas rigida. 

Black Locust. 

Poplar. 

Hickory. 

Pinus echinata. 

Sassafras. 

Unfortunately, at Biltmore, shade bearers are usually weeds 
interfering with the valuable species. 

If. Pinchot gives the following schedule for the Adirondacks: 

Hard Maple. 

Beech. 

Hemlock. 
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Spruce. 

Balsam. 

Soft Maple. 

Birch. 

White Pine (intermediate). 

Black Cherry. 

Black and White Ash. 

Bird Cherry. 

Cottonwood. 

Tamarack. . 

The trees above White Pine Pinchot calls “tolerant” and those 
below White Pine “intolerant of shade.” 

III. The leading species of the United States; classed according 
to light or shade-demanding qualities are: 

a. Eastern Conifers: 

Long Leaf Pine—distinctly intolerant of shade. 

Echinata—light demander. 

Taeda—intermediate. 

Virginiana—intermediate. 

Rigida—not so much as virginiana. 

Bald Cypress---light demander. 

Chamaecyparis spheroidea—shade bearer. 

Spruce—fair shade bearer. 

Balsam—intense shade bearer. 

Hemlock—intense shade bearer. 

Tamarack—light demander. 

Arbor vitae—shade bearer. 

White Pine—intermediate. 

Jack Pine—light demanding towards intermediate. 

Norway Pine—light demander. 

b. Eastern hardwoods: x 

Beech—shade bearer. 

Hard Maple—shade bearer. . 

Silver Maple—shade bearer. 

Red Maple—shade bearer. 

Black Gum—shade bearer. 

Sourwood—light demander. 

Locust—light demander. 

Yellow Poplar—light demander. 

Chestnut—intermediate. 

Oaks—light demanders (White and Red Oak stand lots of shade 
when young). 
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Elm—shade bearer. 

Birch—light demander or intermediate. 

Black walnut—intermediate. 

Linden—shade bearer. : 
Umbrella tree—less light demanding than Yellow Poplar. 
Cucumber—less light demanding than Yellow Poplar. 
Sycamore—medium shade bearer. 

Willows and Cottonwoods—light demanders. 
Liquidambar—light demander. 

Hickories—light demanders. 

ce. Western Conifers: 

Douglas Fir—intermediate. 

Ponderosa—light demander. 

Nut Pines—intense light demanders. 

Lodgepole Pine—intermediate. 

Sugar Pine—intense light demander. 

Lawson Cypress—intense shade bearer. 

Tide-land Spruce—shade bearer. 

Redwood—shade bearer. 

Western Hemlock—intense shade bearer. 

Western Firs—intense shade bearers. 

Larch—intense light demander. 

Engelmann’s Spruce—shade bearer. 

Colorado Blue Spruce—shade bearer. 


Paragraph VII. Pure versus mixed woods. 

A. Conditions inviting pure woods and mixed woods. 

Conifers are more apt to grow in pure forests, owing to their 
greater modesty. Abroad, up to a very recent time, the desire of 
the forester was to raise mixed woods, but quite recently the 
“Danish propaganda” has turned the minds of some foresters back 
to pure woods. 

Severe climatic conditions and poor soil conditions invariably 
give one species the preponderance, for example: Bald Cypress rules 
in the swamps of the South, Tamarack in those of the North; Nut 
Pines prevail in the semi-arid regions of the Southwest; Long Leaf 
Pine on poor sand in the South; Cuban Pine in half swamps of the 
South; Red Spruce on the “Black Slopes” of the Adirondacks; 
White Spruce in Northern Canada; Lodgepole Pines on old burns; 
Jack Pine on poor sand in the Lake States. 

Pure forests are sometimes in the interest of the owner, for- 
example: Pure Spruce near paper mills; Hickory near carriage 
works;' Tan Bark Oak near tanneries. 
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A high rotation often leads to a pure forest, a short-lived 
admixture being gradually pressed out. 

Abroad the forester is required to maintain the fertility and 
productiveness of the soil. Since light-demanding species allow 
the soil to be baked by the sun during the pole and tree stage 
of the forest when grown purely, admixture of shade bearers under 
such conditions is advisable, obtained, for instance, by underplanting 
Yellow Pine with Beech, when Pine is 50 years old. 

B. Kinds of mixture. 


A mixture may be temporary or permanent; a mixture may 
be even aged or uneven aged; the species may or may not differ 
in height growth; the mixture may be composed of single indi 
viduals; of strips, rows, bunches, groups; or it may show an 
irregular character. 

In the course of time the original character of the mixt ve 
might be changed entirely by the forester or by nature. 

C. Advantages of mixtures. 


Mixed forests take advantage of differences of soil qualities; 
the moisture-demanding species gradually claiming the dells ani 
more modest kinds obtaining preponderance on the dry plateaus 
or spurs. g 

A mixture may form a preventive against late frost. 

A mixture is better protected against damages by fire, insect~, 
fungi, storms, snow, ete. 

A mixture produces a better quality of humus (Pine and Oax 
humus is better than pure Oak humus or pure Pine humus). 

A mixture produces a larger quantity of timber for the above 
reasons in addition to the fact that « mixture allows its com- 
ponents to more fully utilize the productive factors of the air 
as well as those of the soil through 

a. Difference of crown formation, crown levels, crown density. 

b. Difference in root system (tap and flat-rooters mixed). 

ce. Difference in mineral and light requirements. 

A mixture also tends to produce cleaner timber—certainly so 
for the benefit of light demanders when placed in mixture with 
shade bearers. 

For all these reasons a mixed forest may be said to produce a 
larger and safer revenue than a pure forest. 

Valuable species might be raised beyond the limits of their 
habitat in mixed forests. 


D. Objections to mixed forest. 
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The administrative and the sylvicultural management of mixed 
woods is more difficult and hence more expensive than that of 
pure woods. 

In America logging expenses are much increased where only 
one species can be utilized in mixed forests. Logging for Spruce 
on “Black Spruce Slopes” in the Adirondacks is relatively cheaper 
per thousand feet board measure than logging for Spruce where 
Spruce forms only one-third of the growing stock. This objection 
does not hold good, of course, where all species are marketable at 
the same time. 

E. Rules-governing the composition of a mixture and rules for 
treating mixed forests (holding good for artificial and semi-arti- 
ficial forests) : 

I. Species selected for a mixture must improve one another. 

II. Each species should oceupy that section of ground on which 
it thrives best. : 

III. The mixture should at least maintain the productiveness 
‘of the soil. 

IV. A light-demanding species mixed with a shade bearer must 
either be given an advance in age or else must naturally possess 
an advantage in rapidity of height growth; otherwise it soon 
disappears. This relative height growth is not a fixed quantity; it 
usually differs according to the soil and to the climate. 

V. The denser the forest cover is, the earlier. and the morc 
intense must be the help given to the species likely to be suppressed 
(Sassafras: and Locust in mixture with Chestnut). 

After Henry Mayr: species which are botanically different from 
the most natural mixture (Oak and Pine at Biltmore; Birch and 
Spruce in Balsams; White Pine, Linden and Elm in Michigan). The 
exceptions to this rule are many (Norway and Jack Pine in Michi- 
gan; Red Firs and White Firs in the Pacific Coast States). 


Paragraph VIII. Dr. Henry Mayr’s (Munich) fundamental prin- 
ciples of Sylviculture. 


A. Forest is possible only where the mean temperature of the 
four months of most active growth averages 50 degrees Faht. or over 

B. A mean summer temperature (May to August) of 53 to 59 
degrees Faht. produces the Fir and Spruce zone of Europe, Asia and 
America. A mean summer temperature of 59 to 64 degrees is 
productive of Beech, also of White Oak, Maple, Hemlock and Cham- 
aecyparis. A knowledge of the summer mean is essential when 
introducing exotics. A -knowledge of the possibilities of forest 
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growth in a given country implies a knowledge of the mean 
summer temperature. 

Some very modest trees are unreliable as indicators or ther- 
mometers (i. e. Pinus echinata, Pinus ponderosa). 

C, A species may be grown far from its original habitation, 
provided that the local climate of the new region is ana:ogous to 
that of the old. If the exotic comes from a warmer climate, it 
should be placed on south slopes with plenty of sun; if it comes 
from a colder climate it should be placed in moist soil and on 
cool aspects. There is no such thing as adaptation of trees to a 
different climate, or as acclimatization of trees. Walnut, Peach, 
and Black Locust have been grown in Germany for centuries, be- 
cause the climate of naturalization was and is essentially identical 
with that of the natural habitat of the trees. 

D. Tree specimens of a cold climate do not possess in them- 
selves any special power of resistance to frost. It is useless to 
import seeds from colder climates in the hope of obtaining greater 
hardiness (Douglas Fir from Oregon and from Colorado differ, how- 
ever, in hardiness). , 

E. Species of trees growing in hot localities or else in open 
stands place comparatively small claims on the fertility of the soii. 
All species bear shade better when brought to a warmer climate 
and require more light when brought to a colder one (White Pine). 

F. In level countries, at not over 500 ft. elevation, the habita- 
tion of a species depends on latitude considerably modified by sea 
winds. In many countries, away from the ocean, that modification 
is so strong as to create a dependence of the habitation more on 
longitudes than on latitudes. In high mountain regions, altitude 
may produce effects similar to those of latitude: it is, therefore, a 
mistake to label one species as a mountain species and another 
as a plains’ species. In Eastern North America Picea rubens, in 
Western North America Douglas Fir, also Abies grandis and ama- 
bilis, bear witness to this truism. 

G. The climatic needs of a species are better characterized by 
the forest zone than by the latitude or the altitude at which or 
up to which it grows. Even a knowledge of altitude and latitude 
combined furnishes insufficient information relative to such cli- 
matic needs. 

H. If, in a given climatic zone, there are found two neighbor- 
ing species of the same genus, it is safe to assume that these 
two species were not mixed originally, but that each had its dis- 
tinct habitation and that the mixture is due to the action of man. 
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I. In primitive forests the species which harmonize are those 
which differ botanically. 

J. When two species are so alike as to be almost varieties but 
have, nevertheless, different climatic needs, then they are, in reality, 
true and distinct species (Douglas Fir in Colorado and Oregon). 

K. Frest injury is always due to the death of the plasmodium 
killed by the direct action of the frost. The plasmodium is most 
sensitive during the time of cell formation and of active growth. 
The plasmodium in the inert stage, as in seeds, is actually insensitive. 

L. All species become more hardy as they grow older. This is 
simply due to the trees rising above the cold layers of temperature 
near the ground and to the greater thickness and mass of the trunk, 
resisting rapid changes of temperature. : 

M. The degree of moisture in the air required for forest growth 
is 50% relative humidity during the growing season. The broad- 
leaved trees and the two and three needled Pines are the species 
best adapted to regions of extreme dryness or of sudden changes 
in atmospheric moisture. 

N. The association of trees into a forest has the effect of increas- 
ing the relative humidity by not to exceed 10%. Hence the neces- 
sity of maintaining forest in regions where the tension of watery 
vapor is close to 50%. The partial destruction of a forest may 
entail the death of the remainder rendering reforestation impossible 
unless it is started from the nearest adjoining forest. Inside a 
forest the greater atmospheric humidity acts as beneficially as a 
moist ocean wind, lacking, however, the latter’s violence. 

O. It is in moist, cool localities (mountains and northern cli- 
mate) that climatic variations are the least extreme during the 
growing season. It is here that the annual rings are equal, the 
grain fine and regular, and the timber of the greatest commercial 
utility. 

P. The moister the climate, the easier becomes forest culture, 
and the forester is apt to make the least mistakes in thinnings, 
regeneration, fellings, etc. Air moisture seems to exercise a favor- 
able influence on the straightness of the stems. 

Q. It is known that a failure of rain for several days may be 
fatal to young plants. The faculty of persistence increases with 
age, and the grown trees can endure long periods of drought. If, 
however, the lack of rain is such as to bring the sum total of 
precipitations during the four months of the growing season below 
the two-inch mark, then the forest disappears, even if the humidity 
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of the air remains above 50%. Exception—immediate neighborhood 
of lakes and rivers with their sub-soil percolation. 

R. A fairly moist soil is the best for all Species in their 
optimum climate. In hotter places the locality must be more 
damp, while in colder ones it may be dry without hindering 
growth (White Pine in the Pink Beds in swamps, in Canada on 
dry soil; Sitka Spruce in Washington in swamps; in Alaska on 
dry land). 

S. Snow protects those parts of a plant which it covers; it 
increases the danger, however, for the parts just above the snow 
level. Snowy winters are, therefore, useful to low plants, but 
harmful to trees (except broad-leaved trees). 

T. As regards the winds, the most dangerous are those which 
follow the direction of the barometric minima, which in Eastern 
America travel from east’ to west; in Europe from west to east: 
in East Asia from south to north. Next dangerous are the winds 
traveling in the opposite direction, whilst those from other points 
of the compass are more harmless. Every mountain, however, cre- 
ates a deflection of the current and possibly a return in the oppo- 
site direction. 

U. In their youth trees are almost indifferent to the quality 
of the soil; with increasing age their exigencies increase. Thus 
plantations on poor soil may thrive well for a number of years, 
only to-be suddenly arrested at the beginning of the pole stage. 

V. In their most suitable situation (natural optimum) a species 
succeeds on soil of any mineral description. In a less favorable 
climate the soil requirements of the species increase. 

W. The light most favorable to activity of the chlorophyll is 
not the light of the blazing sun, nor is it the diffused light coming 
through rain or fog, but that light which is reflected by brilliant 
white clouds. Leaf cover overhead is favorable when it filters 
the rays of a burning sun and unfavorable when it excessively 
reduces the intensity of insolation. Under a continental climate, 
cloudless days are more numerous than near the coast. The infiu- 
ence of thinnings and removal cuttings on the remaining growth 
consequently depends on the continental position of a forest—not 
solely on species and soil. 

X. The regeneration of forests approaching exploitable age is 
easiest in their optimum climate. If the climate is too warm, seed 
will be more abundant, and the young plants will endure cover 
better. The moisture of the air, however, is wanting, and the 
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denser cover overhead may intercept too much of the needed rain- 
fall. 

If the climate is too cold, the moisture of the air indeed 
increases; but the production of seeds and the persistence under 
cover decrease. 

Y. In mixed forests artificial regeneration is more difficult than 
natural regeneration. A clean felling results in a capricious com- 
plication of natural laws and phenomena whose contrary actions 
are not easily understood. Natural regeneration, a mixture ot 
species suitable to the locality, a crop resembling as closely as pos- 
sible the primitive state, such are the conditions which the forester 
should seek to realize for the avoidance of dangers as well as fur 
the greatest possible yield of the most valuable produce. No 
method of treatment harmonizes better with nature’s laws than 
the so-called selection system, when each tree is placed in a con- 
dition most favorable to its development, and when no single tre2 
is removed for a purpose other than that of regeneration or im- 
provement of the crop. 
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THE HIGH FOREST. 


Paragraph IX. Genesis of the high forest and its methods. 


Wood crops can be started either naturally (from stump shoots, 
root suckers and self-sown seed) or artificially (by planting seeds, 
seedlings or cuttings). Forests starting from stump shoots, root- 
suckers and cuttings are called “coppice forests.” Forests start- 
ing from seeds or seedlings are termed “high forests.” 

A. Planting in Europe. fi 

Up to 1830 seed planting only was practiced to start high 
forests artificially. Since then seedling planting has gradually con- 
quered the European field, especially in the case of Yellow and White 
Pine, Spruce, Ash, Maple and Larch. Beech and Fir are invariably 
regenerated abroad from self-sown seed; also Oak in France, while in 
Germany acorns are usually planted. 

B. Advisability of planting in America. 

Excepting the case of the prairies and, possibly the case of fields 
abandoned by farmers in the Eastern States, the idea of artificial 
propagation of forest crops (by planting) seems preposterous in 
America. As long as an acre of virgin forest can be bought for a 
lesser sum of money than is required, in the same locality, for the 
successful re-forestation of an acre of ground, the chances for a re- 
munerative outcome of planting seem very slim. However, the fol- 
lowing points should not be lost sight of: 

I. The stumpage prices apt to prevail in America in the year 
1960 are likely to equal those now prevailing abroad. Hence the same 
practice which is now remunerative abroad must prove paying in this 
country; possibly more paying for the reason that the value of the 
soil on which the growing crop must yield an annual dividend is 
abroad about ten times as high as it is in the United States. 

II. An expense for taxes and administration is incurred annually 
by the forest owner, whether the forest ground is kept fully or only 
partly stocked; hence it seems a remunerative venture to—at least— 
reinforce natural regeneration by artificial planting. 

III. The growth of weeds naturally plentiful in primeval con- 
ditions cannot be overcome unless radical artificial remedies are 
adopted. 
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C. On the other hand, the following objections to planting must 
be considered: 7m 

LAs long as the American forest is much endangered by fire, it 
is unwise to invest any money in young growth for which the danger 
of destruction by fire is excessive. 

II. Trees of a condition now considered “ weeds” may gradually 
attain a stumpage value (as Chestnut at Biltmore). 

III. Even European forestry is now reverting to a natural propa- 
gation of forests owing to the dangers usually inherent to artificial 
planting. 

D. Definitions. 

The word reforestation is used if the area to be planted has been 
previously occupied by tree growth. 

The word afforestation is used if there was no tree growth on the 
plot for a number of years beforehand. 


Paragraph X. The Seed. 


The quality of seeds is shown by their size, weight, color, scent. 
A tree standing in an open position, not too young and not too old, 
produces the best seeds. = 

A. Seed years: ; 

The atmospheric conditions of the year or year’s during which the 
seed is formed further influence the quality of the seed. Drought 
in summer and early frosts in fall cause the seeds to drop immature. 
Black Oaks and Pines require two years for the formation of seeds. 
Juniper three years. It seems as if all trees require a number of 
years for the preparation of seeds, inasmuch as the medullary rays 
before u seed year are found full of starch, and after a seed year de- 
void of starch. This phenomenon may explain the periodical occur- 
rence of seed years in Bamboo and Canebrakes, in Chestnut, Oak, 
Teech, Pine, ete. ; 

The length of the period elapsing between seed years depends on 
the local climate and the position of the trees, being short for trees 
standing in orchard-like positions on warm and sheltered ground 
where abundant heat allows of the rapid accumulation of starch. 

B. Rest: 

After dropping from the tree, all seeds undergo ua period of rest 
in our climate. This rest is very short in the case of Cottonwood, 
Willow, Elm and Soft Maple. In the majority of cases, in Eastern 
North America, it lasts from November to April. In rare cases 
(German Ash, German Linden, Red Cedar, Hornbeam) the period of 
inactivity covers about seventeen months. Seeds which get too dry 
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while stored, often show a prolonged period of rest. For White Oak 
seed the period of rest is only two months; for Red Oak five months. 
The assumption that frost is required during the resting period for 
the benefit of the seed is erroneous. The germinating percentage is 
greatest immediately at the conclusion of the period of rest. 

C. Tests: 

Germinating tests are made with from 50 to 200 grains. 

I. Water test applicable to large seeds. Thrown in water the 
good seeds will sink, and the bad seeds will float. 

II. Cutting tests, made with a knife, used for testing acorns, 
chestnuts, nuts of Nutpines, also seeds of Ash, Yellow Poplar, 
Beech, ete. 

III. Hot-pan tests for conifers, which causes good seeds to jump 
and burst, poor seeds to burn and char. 

IV. Pot tests made in the following manner: Fill the lower halt 
of a flower pot with sawdust, the upper half with sand in which the 
seeds are embedded: Place the pot in a basin partially filled with 
water, in a warm room. 

V. Flannel test: Place the seeds between two strips of flannel 
kept moist by running their ends into a bowl of water standing at a 
lower level. 

VI. Test in the commercial-test apparatus, which consists of a 
bottom plate (glass or china), a bell-shaped top (same material) and 
a clay disk containing 100 small grooves, which fits into the bottom 
plate. All three parts are open in the center. The clay disk is 
burned in such a way as to retain good hygroscopic qualities, and is 
boiled for a number of hours (in water) before using, to kill adherent 
spores of fungi. Moist sand is kept between the disk and the bottom 
plate. The grains are inserted into the grooves. 


Paragraph XI. Preparations for planting seed on open ground. 

The germinating bed must offer the seed « proper, constant and 
equal supply of heat, oxygen and moisture. The actual amount of 
heat, oxygen and moisture required has not been ascertained scien- 
tifically. Observation in the woods is the best teacher of the condi- 
tions securing the largest possible germinating percentage for any 
given species. 

The preparaticn for seed-planting may extend over the entire 
area to be planted; or only over certain strips which may be inter- 
rupted or continuous; or it may merely involve the grubbing of plots 
or spots. Where the ravages of game or mice are feared, irregular 
working is advisable. 
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A. Removing the soil covers, such as briars, Kalmia, Chinquapin, 
mosses, dead leaves, humus. A plow and grubber (cultivator) or a 
harrow can usually not be used for the purpose; the hoe (a strong 
make) is largely used abroad; weeds are removed with brush hooks 
or scythes or machetes or are, if possible, killed by deadening. In 
certain cases an iron rake might do. Often it is necessary to remove 
the cover by fire; fire, however, produces a heavy growth of weeds 
on fertile soil (as in Pisgah forest). 

B. Loosening the soil. Just after logging, the soil has enough 
porosity to allow of the development of a second growth. On aban- 
doned fields or in prairies thorough working with the plow, often 
continued for a number of years, may or must precede the act of 
planting. 


Paragraph XII. Securing and preparing the seeds. 

A. European tree seeds are usually bought from reliable dealers, 
who rival in furnishing the best seed at the lowest price, guarantee- 
ing a certain percentage to germinate. In America, the forester must 
secure seeds himself, collecting them by contract, or preferably, by 
day work. Some European sylviculturists insist that seeds should 
be taken only from the best and strongest trees. Mayr considers 
special care superfluous. 

B. Under “coning ” is understood the method of obtaining seeds 
of coniferous species from their cones. Coning of Spruce, Pine, Fir 
and Larch on a commercial scale is practiced in Europe by Henry 
Keller, Appel & Co. and A. Lecoq, all of Darmstadt, Germany. 

Certain Pine species (Nutpines) have wingless seeds. The wings 
of other Pine seeds hold the grain in a claw. 

The seed of Spruce lies in the wing as in a spoon; the seed of 
Larch and Fir is attached to the wing and is not easily separated. 

Among the broad-leaf cone bearers—Alders, Birehes and Magno- 
lias—the coning of Magnolias only offers some difficulties. 

I. The methods of coning are as follows: 

a. Coning by insolaticn, the oldest and safest method. Trays, 
the bottoms of which contain cpen lath work cr wire netting, are 
placed in the sun and removed to a shed if rain threatens to fall. 
The cones are spread on the trays in layers not over two cones deep 
and are stirred with a rake. In place of trays, drums might be used 
ta good advantage. In a cold climate the sun process allows of 
obtaining the seeds only at a time too late for seed planting. The 
germinating percentage of seeds obtained by the sun process is, 
otherwise, superior to that of seeds coned by other methods. 

b. Coning by stove heat. 
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It is essential that the heat in the coning room should not reach 
110 degrees. Thorough ventilation is required to prevent sweating 
and moulding of cones. The cones are spread in the coning-room in 
thin layers on shelves or screens, through the interstices of which the 
seeds drop. The cones are stirred three or four times a day. 

It is unwise to have the stove in the coning-room. An American 
hot-air furnace in the basement is well adapted to furnish the heat. 

Many of the large European forestry administrations have such 
or similar establishments for coning. 

ce. Commercial method. 

In the commercial establishments, heat is supplied by steam 
pipes, controlled by automatic devices. The trays or drums are kept 
in a constant rocking motion by machinery. The seeds, after falling 
through the crevices of the trays, are at once conducted to a cool 
room. 

II. Separating seeds from their wings. 

In the case of Pine and Spruce seeds, flailing is sufficient. It 
is not advisable to wet the seeds before flailing. For Larch, rubber 
millstones are used, the distance between the stones being equal 
to the smallest diameter of the seed. 

III. Cleaning the seed from dust, needles and wings. The seeds 
are freed from admixtures by fanning, shoveling, centrifuge or any 
grain-cleaning machine. The large commercial establishments drop 
the seeds on endless rolls of cloth, which are moving on an incline. 
The heavy seeds slide down, whilst dust and wings are carried uphill. 

IV. Statistical notes. 

a. Spruce in the Adirondacks (after Clifford R. Pettis). 

1. Cost of picking cones 50c per bushel (green). 

2. One bushel of green cones yields two bushels of dry cones, 
containing 1% Ibs. equal to 11% qts. of Spruce seeds. 

3. One bushel of cones weighs 60 lbs., one bushel of seeds 40 Ibs. 
. One pound of seed contains 150,000 grains. ‘i 
. It costs 95¢e to collect, cone and clean one pound of seeds. 
. White Pine at Biltmore. 

. 100 bushels of cones will weigh 2,200 Ibs. (a “long ton”). 

2. One bushel contains 600 to 700 cones, and yields, on an 
average, % lb. of absolutely clean, wingless seeds. 

3. One pound of such seed contains 25,000 to 30,000 grains. 

e. Yellow Pine (ponderosa) in New Mexico (after Wm. H. Mast). 

1. One bushel of cones yields 1.55 lbs. of clean seed. 

2. The expense of collecting, coning and cleaning averages 23c 
per pound. 


Eon; 
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d. Colorado Blue Spruce in New Mexico (after Wm. H. Mast). 

1. One bushel of cones yields 1.2 lbs. of clean seeds. 

2. The expense of coning, collecting and cleaning averages 23¢ 
per pound. ? 

e. Shortleaf Pine at Biltmore (Pinus echinata). 

One bushel of cones yields one pound of clean, wingless seeds 
at an expense of $1.00 per pound. 

C. Seeds stored beyond the duration of their natural period of 
rest show a reduced percentage of germination. The percentage 
might be increased by the use of slightly acid solutions, lime water 
or hot water. Coniferous seeds are often placed in cold water for 
from three to seven days previous to planting; seeds thus treated, 
however, must be supplied with moisture artificially after planting 
if drought sets in. 

D. The “ malting ” of seeds (placing the seeds in heaps, moisten- 
ing them and stirring them in a warm room) is a rather dangerous 
procedure. After Weise, Douglas Fir and White Pine seeds should 
be mixed with moist and fertile soil and stable manure, to be 
then exposed to a hot-house temperature until the germs begin to 
show. 8S. B. Green recommends to pour boiling water on the seeds 
of Locust, Honey-Locust and Coffee-tree, and to allow the seeds 
to remain in the water until it is cold, planting immediately there- 
after. 


Paragraph XIII. Actual planting of seeds on open ground. 


Seeds should not be planted on rainy days, especially not on 
clay soil. For broadcast planting, the area to be planted and the 
seed are divided into equal lots. The quantity of seed allotted to 
the unit of space is subdivided into halves. Each half is sown 
separately by going over the ground crosswise. 

Broadcast planting is rare nowadays. 

Rough nursery beds (either running full length of the area or 
interrupted beds), furrows or banks are frequently provided. Nar- 
row trenches may be pressed into the beds or banks with the help 
of a board, a hoe handle or a wheel. 

The seed is usually sown by hand, possibly with the help of 
a beer bottle, a so-called seed horn and, rarely, with a seed- 
planting machine. The machine should only be used on ground 
as well prepared as a wheat field (prairies or abandoned fields). 
On land newly cleared, roots and stumps prevent the use of a 
machine, 
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“Covering” purports to place or rather press the seeds into 
contact with the mineral soil on all sides; to prevent sudden 
changes of air temperature from striking the seed; to prevent the 
seeds from drying out under excessive exposure to the air. The 
cover must be such as to allow a young germ to push its cotyle- 
dons easily through the cover. The seeds keeping their cotyledons 
below ground (Oaks, Sassafras, Chestnut) allow of a heavy cover. 

In the case of coniferous seeds, a proper cover is secured with 
the rake or with a brush drag; or by marching the planters, a 
band of sheep or a herd of cattle over the plantation. Heavy seeas 
are often strewn on the ground without any preparation and then 
covered with a shovelful of dirt. In America seed-planting in the 
open is an unadvisable measure as long as the prices of seeds 
maintain their present figure. 

“Planting of cones” was the leading method used a hundred 
years ago by European foresters. The cones were strewn on the 
ground and stirred periodically by sheep, with good results. 

Seeds more than one-quarter inch thick, especially nuts, are 
usually dibbled with dibbling hammer, wedge, knife, hoe, spade, etc. 
The hole made should place the seed at the best depth. The hole is 
closed by side pressure, by the foot or the hammer, or by allowing 
a lifted sod to drop back in place. The common planting spade 
often puts the seeds too deep. , 

A. The quantity of seeds used per acre depends on: 

Price of seed. 

Density of stand desired. . 

Tenderness, sensitiveness and .rate of growth of species. 

Local damage from late frost, drought, weeds, insects, mice, 
squirrels, rabbits, game, birds, etc. 

Quality of both soil and seeds. 

Fineness of prepared soil. 

Method of planting by hand or machine, regular or irregular, 
broadcast or in patchwork. Planting seeds in bands or strips 
only requires two-thirds or three-fourths of broadcast amount; 
planting in patches one-half, in holes one-fourth of the same. 

B. Figures adopted at Biltmore for broadcast planting are, per 
acre: 

White Oak and Chestnut Oak, 12 bu. 

Red Oak and Black Oak, 8 bu. 

Ash, 40 Ibs. 

Beech, 130 Ibs. 

Maple, 40 Ibs. 
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Elm, 24 lbs. 

Birch, 32 lbs. 

Firs, 45 Ibs. 

Spruce, 10 Ibs. 

Larch, 10 lbs. 

Yellow Pine, 8 Ibs. 

White Pine, 12 lbs. 

C. Small seeds: Number of seeds in one pound (approximately, 
all coniferous seeds without wings): 


NSH: nated bae oiled Seaptad HERS SeEs eee MEV ES 6,200 
Mii: cane Badia hee hohe alan tee dae A hanes 8S 55,000 
Silver Fir? ac cdr aes ac ge enna oak tales 9,000 
Tamarack seceavaniicas danger ds oan sas eee 70,000 
White Pine 122008 sadegade vegesaa ounas 30,000 
Maple sipaicwe amuoied gave k toca bo eee DS 5,000 
Bitchy - jaccececactdd dens poaiteeiat ou bt aapaneed 80,000 
SPIUGE sari csas yang omen vcan oie wees es 56,000 
Yellow Pine sueissaeeads gives aeceeeua es 70,000 


D. Large seeds: Number of seeds in one bushel are: White 
Oak, 8,000; Red Oak, 3,000; Walnuts, 800. 


Paragraph XIV. Season for seed planting on open ground. 


For Cottonwoods, Elms (excepting Red or Slippery Elm), Soft 
Maple, Black Birch and Mulberry, the best time of planting is 
nature’s time,—immediately after the fall of the seeds—in early 
summer. In the case of the species enumerated, the period of rest 
is very short and the seedlings starting rapidly have time to lig- 
nify before winter. In all other cases the forester can plant either 
in fall or in spring. Planting in winter is usually prevented by 
the condition of the soil. 

A. Planting in fall invites: 

I. Inroads of animals in winter. 

II. Washing of seed when snow melts. 

III. Damage from late frost, since planted seeds sprout early 
in spring. 

B. Spring planting necessitates: 

I. Expense for seed storage over winter. 

II. Checks during storage, injurious to germinating percentage. 

Ii. Higher expense for planting, planting taking place at 2 
time when labor is scarce. 

Spring planting forms the rule, except with Fir, Beech, Chest- 
nut, White Oak. 
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In semi-tropical regions or places of periodical drought, the best 
planting time is the fortnight preceding the rainy period. On dry 
soil seeds are planted as early in spring as possible so as to profit 
from the moisture left by melting snow. ; 

Seeds which naturally germinate 18 months after maturity 
(Red Cedar, Hornbeam, some Ashes, some Basswoods) require strati- 
fication: Place seeds, in dry soil, in a ditch ten inches deep and ten 
inches wide, to a depth of five inches. Cover seeds with straw and 
dry weeds, and finally with dirt. After the lapse of a year the 
seeds are ready for planting. 


Paragraph XV. Auxiliaries to seed planting. 


A. Means to protect species needing shade in earliest youth. 

I. Plant seeds with oats, barley or summer rye, planting the 
grain seed in quantities not to exceed 75% of the normal. Cut 
grain crops high. This method was used regularly 100 years ago, 
for European Pine and White Oak, possibly with a view to early 
returns, possibly to distract ravages of field mice and birds. 

II. Certain species, tender and shade demanding in early youth 
like Beech and Fir, cannot well be raised in the open, unless an 
usher growth 12 to 15 years older (of Yellow Pine, Sassafras, Black 
Locust, Birch) is previously started on the ground. The usher 
growth is gradually removed when the seedlings underneath want 
“skylight.” In semi-arid parts such usher growth is perhaps 
doubly advisable; further in prairies, where Poplars and Willows, 
Box Elders and Soft Maple might serve as ushers (also Locust). 

B. Means to protect the seed plantation from animals and 
weeds. , 

Tt. Against seed-eating animals. Planting in late spring offers 
some protection. Planting in sprouting condition protects heavy 
seeds from rodents; slight coating of red lead protects conifers 
from birds. A watchman might be kept on large plantations, to 
scare the birds away. By coating large seeds with tar, crows 
might be kept away. 

II. Light cover of weeds is no disadvantage. Where weeds are 
heavy, seedlings should be planted, rather than seeds. Mowing (with 
seythe) weeds and fefns, crushing briars—preferably before weeds 
are seeding---is recommended. Where seeds are planted in rows 
or furrows on abandoned fields, cultivation checks weeds. 

III. Pasture is not allowed in seed plantations before the thicket 
stage is past. 

C. Reinforcing. Bare spots where seed planting has failed are 
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usually reinforced by planted seedlings. The latter are taken fron: 
adjoining dense spots. In broad-leaved species, the blanks where 
planting has failed, had better be marked during the preceding 
summer. 


Paragraph XVI. Planting seeds of the broad-leaved species. 


A. Acorns. 

The germinating acorn leaves the cotyledons below ground. 
If the first shoot is killed another forms at once. <A 
shelter (or usher) growth to husband a plantation during its first 
years is hardly needed. Still plantations of Yellow Pine made to 
protect the Oaks planted between the Pines are often found abroad. 
Its long tap root prevents the Oak from being lifted by frost. 

The soil cover given varies between- one and three inches, 
according to the looseness and porosity of the soil. In case of 
spring sowing, germination requires from five to six weeks. 

At Biltmore, White Oak and Chestnut Oak acorns planted in fall 
are often found sprouting before Christmas. The germ in such 
cases, however, does not appear above the ground. Red Oak and 
Black Oak seem to sprout only in spring. Acorns may be sown 
broadcast, especially on abandoned fields. Formerly acorns were 
planted often with oats and barley or summer rye. The cover 
is given with a harrow in case of broadcast planting. 

More often acorns are planted in furrows from two to seven 
feet apart. It is better to plant acorns closely within furrows 
far apart, than sparingly in furrows near together. The cover is 
given either by a second furrow or by hoe or rake. ane 

Cultivation between rows (during summer) is not practiced 
abroad. On abandoned fields at Biltmore it seems required for the 
purpose of checking mice, squirrels and rabbits. 

Where acorns are planted for mixture merely with Beech, Pin: 
and Chestnut, the planting in irregular patches or else “ oversoiling ” 
are often used. In the latter case a handful of acorns is roughly 
covered by a shovelful of dirt. 

The usual method adopted abroad for raising Oak is dibbling. 

The answer to the question whether spring or fall planting is 
better, depends on the number of enemies preying on the acorns in 
winter. Since the Black Oaks are not much molested, it might be 
as well to plant them in fall. Black Oaks suffer little in germinat- 
ing percentage during winter storage. White Oak acorns, however, 
are much eaten by mice, squirrels, turkeys, hogs, ete. and would 
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be planted in spring if winter storage did not invite a large loss 
of germinating percentage. For wintering White Oak acorns, it 
is best to place them (imitating nature) in slight layers under a 
cover of humus on fairly dry soil. After Charles Heyer: Large 
baskets are roughly made on dry soil, the bottom and walls lined 
with moss; within are placed alternate layers of moss or sand 
and acorns. The basket is roofed with straw. 

After Von Alemann: Ditches 8 feet wide by 10 inches deep are 
made on dry soil. The acorns must not be too wet when put into 
the ditch. The cover consists of a layer of vegetable matter. A 
rough hut is made all over the ditch, out of slabs, bark, twigs, 
ete. The acorns are stirred up twice a week during winter. 
Heyer’s method also requires a steep-walled ditch around the place 
of storage to keep mice out. Possibly it might be wise to keep 
sacked acorns submerged in running water. 

B. Chestnuts. 

Chestnuts require more fertile and hence better-prepared soil 
than acorns. The nut has still more enemies than the White Oak 
acorn. Its germinating power is much reduced by dry storage over 
winter. The devices for storing acorns might be used as well for 
chestnuts. Possibly storage in the husk is preferable. At Bilt- 
more planting of Chestnut on abandoned fields is very unsuccessful, 
owing to enemies and poorness of soil. But abandoned fields in 
Pisgah Forest often show fair growth of chestnut—on better soil, 
especially on moister soil. No experience is at hand relative to nut- 
plantations on good land newly cut over. Chestnuts dibbled in at 
Riltmore to form a lower story beneath Yellow Pine are always 
eaten by squirrels. 

C. Walnuts. 

Walnuts, both Black and White, can be held over winter like 
potatoes, without loss. Yet fall planting is better where squirrels 
do not endanger the nuts. 

Walnut has done well planted in furrows on abandoned fields 
at Biltmore where soil was good, without cultivation; on poor 
soil the weeds are choking it to death. The dibbling of walnut 
into woods just cut ‘over has been badly handicapped in Bilt- 
more and Pisgah Forest by squirrels. Otherwise dibbling is the 
best method in the woods. Possibly the attacks of squirrels might 
be prevented by late-spring dibbling of nuts in sprouting condition. 

D. Birch. 

Birch seeds are very small, two-winged. European price for 
Betula lenta, lutea and nigra, $2.50 per Ib.; for Betula papyrifera, 
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62c per lb.; for European White Birch (Betula alba), 8c per Ib. 
Germinating percentage is bad, especially if seeds are not kept in 
loose storage. The soil requires little preparation for seed plant- 
ing. A heavy layer of humus must be removed. Seed can be 
planted any time from fall to spring. The old foresters used to 
plant the seed on the snow,—so as to have the seeds washed into 
the soil by melting snow. 

The southern Birches, being solitary, might be planted in 
irregular patches or trenches, or in places where the mineral soil 
is exposed by the fall of trees whirled out of the ground with 
stumps and roots. European Birch is very modest, thriving well 
on dry soil. 

The seedlings are very hardy. They suffer, however, from 
weeds, grass or leaves blown over them and depriving them of air 
and sunlight. Betula lenta, at Biltmore, is apt to “damp off.” 

E. Beech. 

Nuts appear every three to‘seven years in the woods. The 
nuts ripening in October had better be planted at once after 
ripening, though much endangered in winter by mice. Storage over 
winter, possible as in White Oak acorns, requires still more care. 
If spring planting is resorted to, nuts germinate within five or six 
weeks. Beech seedlings must have a shelter growth, and cannot 
survive in the open (excepting moist mountain slopes). The prepara- 
tion of soil is made with hoe or spade roughly, to a depth of three 
inches. Abroad, Beech is often used for an undergrowth in_ pole 
woods of Pine, Oak, Tamarack, Ash, etc., with a view to im- 
proving the humus and, indirectly, the boles of the trees forming 
the upper story. “Beech is the mother of the soil,” because it 
furnishes the best humus. Beech is exacting; it requires strong 
and moist soil. Pure forests of Beech are found at Biltmore at 
6,000 feet elevation; and extensively in Swain country at 4,000- 
4,500 feet, with Poplars as standards in an upper story. The price 
of German Beechnuts is two pounds for five cents. 

I. Alders. 

The western Alder, Alnus Oregona, and the European Alder 
are valuable, while the eastern Alder is only a shrub lining the 
creeks. European Alder is invaluable as a swamp tree and for 
plantations on very binding soil (clay pits). The seed of the 
European species is worth 10 cents per pound. Seeds ripen m 
October and are best kept over winter in the cones. The small 
seedling is not sensitive to heat and cold, but suffers under the 
heavy grass usually found in swamps. Since swamps are inaccessiblo 
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in early spring,—planting of seedlings is preferable to planting of 
seeds. 


G. Ash. 


Seeds are abundant, showing about 70% germination. The seed- 
ling, in the first year, develops to a length of eight or ten inches, 
from seeds covered with three-eighths inches of dirt. Little prepara- 
tion of soil is needed. During the first two years, on good soil, a 
heavy shelter overhead is easily borne. American White Ash may be 
grown in slightly swampy soil, or soil subject to long inundations. 
Prices of Ash seeds: European Ash, 4c per pound; White Ash, 25¢ 
per pound. 

At Biltmore, White Ash seeds planted in rows six feet apart, 
on abandoned fields, have done well when soil cover was not too 
heavy. 

H. Maple. 

Hard Maple seeds ripen in September. Silver and Red Maple 
seeds in June. It is wise to plant the seeds just when ripe, espe- 
cially American species. Price of seeds: Acer rubrum, $3.00 per 
pound; Silver Maple, $1.00 per pound; European species, 4¢ to 5c 
per pound; Sugar Maple, 80c per pound. The green germ of Amer- 
ican Maples is said to die if the seeds are not at once planted. 
Soft Maples develop the seedling in the year of the seed. For seeds 
to be planted in woods, the soil is prepated with the rake, and the 
seeds covered with one-half inch of soil. Maple planted on abandoned 
fields on Northern slopes, well watered and well drained,. is likely 
to be successful. The young seedlings are sensitive, and a cover 
overhead is advisable, where late frost prevails. On rocky soil in 
Northern coves, Maple seed is often strewn on the rocks, the rain 
being expected to wash the seeds into the crevices. At Biltmore, 
Hard Maple is found only at elevations exceeding 3,500 feet. Sugar 
Maple is more exacting (in soil) than Soft Maple. It does not 
grow as well in swampy soil as Soft or Red Maple. Acer negundo 
(Ash Leaf Maple) does very well in the northern prairies. Seeds 
ripen in fall. 

I. Elms. 

Seeds flat, roundish, winged, the wing surrounding the seeds. 
Seeds, ripening in June, must be planted at once, since they cannot 
be kept in dry storage (except Slippery Elm—pubescens). Germinat- 
ing percentage is always small. Elms require such good soil that. 
they can be raised only on strong, northern, moist soil of agri- 
cultural value. Never planted broadcast; in suitable localities, seed 
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might be planted in patches on soil roughly prepared with rake, 
Very little cover must be given. 

Seeds cost: Ulmus americana 22c per pound. Ulmus campestris 
Ge per pound. 

J. Buckeye. 

The Asiatic species is valuable in deer parks, its fruit being 
eaten by deer and boar. The American species are poisonous (flava 
and glabra). Seeds ripen in October, winter well, but can as well 
be planted in fall. After Weise, the seeds should be planted with 
the navel down. First class soil (Ohio) is required, or at Bilt- 
more strong North coves at higher altitudes, where Buckeye is 
sometimes found in small groves. Planted in furrows on abandoned 
fields (Biltmore), Buckeye has shown rapid progress during the 
first year, but has since made small shoots only. Seeds of the 
Asiatic species cost 214¢ per pound. 

K. Black Locust. 

The seeds ripen in fall and are easily kept over winter un- 
injured by mice, birds or insects. To prevent seeds from lying 
over, S. B. Green advises to pour boiling water over them just, 
before planting, a treatment causing many seeds to sprout at once. 
The fleshy, oval cotyledons and the primordial leaves are not 
pinnate. The tree is an exception to the rule of optimum depth 
of covering (the depth of long diameter of seed) since it does 
best when covered 2 to 3 inches deep. The seedlings are sensitive 
to late frosts. The planting had better be delayed until the danger 
of frost is past. ‘The price of seeds, 5-10ce per pound, renders Locust 
seeds the cheapest seed obtainable since the germinating percentage 
is high. The seedlings grow until late fall, when they reach nearly 
two feet in height. At Biltmore, Black Locust is planted into Oak 
coppice on raked patches, with the rake, and on abandoned fields 
in furrows 5 to 6 feet apart. Five pounds per acre is enough. Plan- 
tations suffer from ground ‘mice and, later on, from a moth. Locust 
thrives on exhausted agricultural soil and is used in Europe 
exclusively to reforest the Hungarian prairies; further along rail- 
road cuts. Forest-grown Locust is much superior to field-grown 
Locust. 

L. Hickories. 

The nuts of the thin-shelled species (ovata and minima) can- 
not be held over winter and need fall planting. Seed plantations 
suffer from mice and squirrels, and especially from voles, which 
bite off the seedlings below ground, row after row. Bitternut 
seems exempt from such attacks. The seedling, in the first years, 
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spends all its energy in developing a large tap root. The planta- 
tions at Biltmore made in furrows on abandoned fields might have 
been better, had they been cultivated continuously to check the 
mice and voles. Hickoria ovata, 13¢ per pound; Bitternut, Pignur 
cr Mockernut, 15¢ per pound. Hickory needs fertile, fresh soil; 
the “Hickory flats” in virgin forest are convertible into superior 
farm land. 

M. Linden or Basswood. 

Seeds falling in early fall are always poor. The ripe seed (in 
bunches, attached to wingbracts) falls in late fall or winter. Linden 
is very exacting and pure woods are very rare. Planted in the 
forest, it serves only as an admixture. Seeds are planted in spring 
on soil roughly prepared with rake or hoe. The cotyledon is 
typically five-pronged, hand shaped. The young plant is so sen- 
sitive that cover overhead is strongly advisable. 

N. Cucumber tree. 

Seeds ripening in cones late in fall are removed with great 
trouble by hand. Many seeds lie over. The seedling develops on 
good soil a very long and strong shaft. For forest planting, 
Cucumber is used only in patches, mixed with Chestnut and Yellow 
Poplar. ‘ 

O. Yellow Poplar or Tulip Tree. 

Seeds appear annually; of very low. germinating percentage. 
Nature plants the seed between October and May, slowly dis- 
membering the cone. Seeds may be planted in spring after loose 
storage. The cones are apt to heat and mould, if tightly packed. 
The cotyledons (size of a nickel) do not show the typical lack 
of the tip of the leaf blade. They drop off (in strong seedlings) 
before July 15th. Seedlings do not suffer from mice. Heavy rains, 
however, are apt. to wash them out of the ground. The young 
seedling stands a good deal of shade. If deprived of light entirely, 
it is certain to be killed by the first frost. Seeds cost 15¢ per 
pound. Large quantities are required for planting, say 50 pounds 
per acre. Plantations at Biltmore were utter failures, probably 
owing to poor seed. The seedling grows very fast when young; at 
the age of two years the seedling is three feet high, on good soil. 
Where planted in the woods it is necessary to check the weeds, 
especially on north slopes. 

P. Sassafras. 

It might be planted on poor abandoned fields as usher growth. 
At Biltmore, seeds gathered in late summer have failed to sprout, 
whether planted in fall or spring. The fleshy cotyledon is kept 
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below ground at a depth of say one and one-half inches. Possibly, 
the seed must pass through a bird before it can sprout, or the flesh 
must be peeled off by hand or by malting. 

Q. Black Cherry. 

Primeval trees are found only on fairly rich soil. The Cherry, 
luowever, can be easily raised on abandoned fields not better than 
those at Biltmore. During early youth, until pole stage, mice and 
rabbits peel the bark badly. The end of the annual shoot is almost 
always killed in winter. The small purple fruits ripening in early 
autumn are eagerly eaten by birds. The seeds, after passing 
through the bird, are scattered all over the woods. The ‘seeds are 
easily kept in winter, but lie over if kept in a dry condition. 
A hot-water bath before planting might cause the seeds to ger- 
minate simultaneously. In woods, Cherry shoula ne planted undcr 
one-half inch dirt cover, irregularly, with full enjoyment of light. 
Seed 50c per pound. The seeds might be planted in rows on 
abandoned fields more cheaply than the seedlings. 

R. Black Gum. 

Nyssa sylvatica has never been raised on a large scale, owing 
to the low value of its timber. As an undergrowth or admixture 
with Hickory, Ash, Oak, ete., it might prove, however, a valuable 
tree, owing to its dense leaf canopy and owing to its 
shade-bearing qualities. The seeds, cherry-like, dark blue in 
fall, of acid taste, seem to appear annually, and old trees 
are often surrounded by an abundance of seedlings; the 
latter, very light colored, are four inches high by July, showing 
two heavy oval entire cotyledons, whilst the primordial leaves 
show the proper form. Seedlings do not seem to suffer from frost, 
heat or animals. On abandoned fields, however, Black Gum seems 
to come up from sprouts and not from seeds. The seed is not 
on the market. ~ 


Paragraph XVII. Planting seeds of the coniferous species. 


A. Firs. 

Very intensive shade-bearers, the Firs cannot be raised without 
shelter overhead. The young, seedling suffers much from frost and 
heat. ‘Its six to ten cotyledons show two white stripes on the upper 
side. The young plant is apt to die from leaves smothering it. 
Its height growth, to the seventh year, is small whilst the seedling 
tries to establish a root system and to cover its growing space by 
long side branches. Fir is usually planted in irregular patches 
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as an admixture, moss and mould being raked away. The seedy 
losing vitality quickly when winter-stored (unless stored in the 
cones) are usually planted in the fall, in spite of impending ravages 
of mice and birds. The covering is from one-fifth to one-third of 
an inch. Since the cones begin to dissolve in November, they must 
be gathered in early winter. Abies concolor, $3.00 per pound; Abies 
fraseri, $3.50 per pound; Abies amabilis, $4.50 per pound; Abies 
Lalsamea, $1.00 per pound; Abies grandis, $3.00 per pound; Abies 
magnifica, $5.00 per pound; Abies nobilis, $2.00 per pound; Abies 
pectinata, 5¢ per pound. 

B. Spruce. 

Seeds ripen in the year of the flower and are emitted from the 
cones, becoming pendulous, between November and April. The 
seeds are easily wintered either within or without the cones; after 
some authors, preferably in the cones, Seed years occur at intervals 
of about five years. The germinating percentage is high. The 
seeds are usually planted late in spring after bird migration, either 
broadcast on ground roughly raked, or more often on interrupted 
beds from one to two feet wide, prepared with hoe and slightly raised 
over the general ground level. It is said that a man can plant one 
acre of ground in eight hours, using the rake. Previous to planting 
it is wise to moisten the seeds in cold water for from three to five 
days, especially if the seeds are planted in late spring. The cover 
should be one-fifth inch. Germination takes place after four weeks 
with from six to eight cotyledons, serrate on the upper side. Young 
plants are sensitive to drought and readily raised by the frost. 
Spruce suffers from suppression by weeds and leaves. Its height 
growth is more rapid than that of Fir. Prices of seeds: Picea 
canadensis, $1.10; excelsa, 13c; engelmanni, $5.50; rubens, $4.25; 
pungens, $5.00; sitkaensis, $5.50 per pound. 

C. Yellow Pines. 

On dry sandy soil, it is wise to plant in early spring, so as to 
find a moister seed bed. The young seedlings do not suffer from 
late frosts and are not apt to be lifted by winter frost. The removal 
of stumps stops the attacks of stump breeding: bark beetles and 
snout beetles (weavils). Intensive loosening of the soil invites the 
attacks of junebugs, wire worms, etc., and is not needed on sandy 
soil. Broadcast planting is advisable on soil slightly covered with 
grass; the cover should just be scratched with the harrow. The 
seed, unless planted with the rake, is embedded in the soil by 
driving sheep, cattle and hogs over it. Before planting it might 
be wise to fire the ground, notably so in the case of Jack Pine, 
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Lodgepole Pine and Norway Pine. Yellow Pine is never planted 
in patches, since it comes up in larger groups only, of even age. 
Planted under shelter it would not obtain enough sunlight. The 
seeds are often planted on long strips two or three feet wide, 
separated by trenches, the weeds and dirt removed from the 
trenches being heaped on the strips. On the very driest soil, Jack 
and Red Pine will do in the north; in the south, Long Leaf Pine. 
The moisture demands of Pinus taeda exceed those of Pinus mitis. 
Wet ground is required by Cuban Pine. Pinus ponderosa may grow 
on any soil and aspect, north and: south. European Pine should 
not be tried in places where snowfall is heavy. The sand dunes 
at San Francisco’ are planted in Monterey Pine. A method much 
used abroad some 80 years ago was the planting of Pine cones 
(eight bushels of cones per acre). The cones were moved from time 
to time by a_brush drag. Another old method for raising Pine 
consisted in planting the seeds on top of oats, barley or summer rye. 
The cover given should be one-fifth of an inch. The seeds are 
mulched for three to seven days, before planting, in cold water. Old 
seeds are apt to lie over for a whole year. Germination occurs in 
from three to four weeks. The first leaves stand singly, and not in 
sheathed bunches. The primordial leaves are strongly serrate. The 
germinating percentage is high, say seventy to ninety per cent. The 
seedlings of Pinus rigida creep on the ground the first two years as if 
dwarfed. Prices: banksiana, $5.00; murrayana, $10.00; inops or vir- 
giniana, $1.10; jeffreyi, $4.00; mitis, $10.00; ponderosa, $2.50; pun- 
gens, $4.50; resinosa, $9.00; rigida, $2.50; European Scotch Pine, 50c; 
tuberculata, $4.50; taeda, $10.00; palustris, $4.50 per pound. In Jack 
Pine, Lodgepole Pine and Table Mountain Pine the seed is not emitted 
ter a number of years from: mature cones. At Biltmore, mitis drops 
the seed between November 1 and December 15; Palustris seeds seem 
to drop before December 15, since seedlings appear by middle of 
January. 

D. White Pine. 

White Pine seeds cannot be kept as easily over winter as Yellow 
Pine seeds. The seed matures at Biltmore about September 15, 
and then falls at once. The European recipe, to gather the seeds 
when drops of rosin appear on the cones, is misleading. After 
gathering, the cones should be fully matured by exposure to sunlight. 
Cones placed in heavy layers—over six inches—after gathering are 
apt to mould, when the seeds will be destroyed. White Pine emits 
seeds easily, placed in light layers on wire netting, when heat is 
applied, and when the cones are stirred several times a day. The 
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rooms in which the coning takes place must be well ventilated. 
Seed years occur in the South every three years—in the North say 
every seven years. Mulching before planting is absolutely neces- 
sary. Germination after three to four weeks: seven to ten cotyle- 
dons, primordial leaves singly. Seedlings suffer still more from fungi 
(honey fungus) than Yellow Pines. Owing to the high price of seeds 
of White Pine, the seed is usually planted in nurseries only. An ex- 
periment at Biltmore, namely planting of seed without preceding 
preparation of soil in patches with the rake, under light cover, has 
proved a failure. White Pine does well on abandoned fields after 
fires—except on East and Southeast slopes where flat-rooted plants 
are apt to be lifted by frost. Germinating percentage only from 
forty to fifty per cent. Seeds cost about $1.50 per pound. 
EK. Hemlock. 


Seeds mature toward the end of September, are very small and 
easily removable. Seedlings are very shade bearing and minute. 
Hemlock cannot be grown in the open. Price of seed being high and 
natural regeneration being easy, plantations will not be made on a 
large scale. Price of seeds: canadensis, $3.50; heterophylla, $8.00; 
mertensiana, $5.50 per pound. 

F. Larch. 


The cones are very tough and not easily opened by heat. It is 
hard to separate the wing from the seed. The germinating percent- 
age is low. The seed is planted in spring on open ground, usually 
in patches, mixed with Pines, Spruces or Hardwoods. The planting 
of seed of Northern Tamarack in Northern swamps is out of the 
question. The height growth in early youth is rapid. Larch puts 
heavy demand on light. Cotyledons, five to seven in number, appear 
fcur weeks after planting. The seeds are mulched in cold water for 
at least a week before planting. The primordial leaves stand singly; 
brachyblasts are formed only from the third summer on. Young 
shoots never show brachyblasts, but needles only. Price of seeds: 
European Larch 50¢ per pound; Japanese Larch (leptolepis) $2.50 
per pound. 

G. Douglas Fir. 

It had better be called Pseudoabies than Pseudotsuga. Concs 
are ripe in October; bracts are twice as long as seales; seeds fall 
immediately. Germinating percentage is 20 to 30 per cent.; seed 
received from dealers is api to lie over. Thorough mulching or hot- 
house treatment (after Weise) increases the percentage and the ra- 
pidity of sprouting. Germination takes place after five to seven 
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weeks. The five to seven cotyledons are pointed and show two white 
stripes and a raised midrib above. 

Two varieties of Douglas Fir: 

a. Pacific Coast Douglas Fir, growing rapidly, foliage bluish, 
large cones, two top shoots during summer, the second one usually 
from a side bud. 

b: Rocky Mountain Douglas Fir, known as varietas glauca, owirg 
to its grayish foliage, of very slow growth, greater hardiness, smaller 
cones, developing only one shoot annually. Price of seed: $3.75 per 
pound. 

H. Lawson’s Cypress. 

Cones blue brown, globular, only six scales, small, three seeds 
under scale, seeds two winged. Wing one-twenty-fifth inch wide. 
Seeds mature in September and October, falling at once. 150,009 
grains per pound. Sprouting with two cotyledons only, one-fifth to 
one-third inch long. Young seedlings stand shade. In the sapling 
stage, fungi seem to play havoc in the plantations, a fact which may 
explain the small range of the species. Seed 60c¢ per pound. 

I. Western Red Cedar (Thuja plicata). 

Seales of cones oval and upright, covering pairs of seed. Seeds 
two-winged; wings one-quarter inch long, elliptical, drawn in at top. 
Gne pound contains 300,000 grains. Two cotyledons only. Seed cost 
$2.25 per pound. Seedlings stand heavy shade. 


Paragraph XVIII. Actual planting of seedlings: Introductory re- 
marks. 

A. The forester uses seedlings one to ten years old or, better 
still, one to five years old. The planting expenses increase at a 
cubical ratio with the increasing weight of the plants. 

B. Seedlings are planted either with or without “balls” of dirt. 
They are taken from the nursery or from the woods. Yellow Pines 
over three years must be planted as “ball plants.” Ball planting is 
always safer, as it involves a small loss of root fibre. Under any 
circumstances, it is wise to leave as much dirt as possible attached 
to the roots, preventing the roots from drying and allowing them to 
quickly re-establish their sucking contact with the pores of the soil. 

C. The small stemlet of young seedlings might be cut off befoue 
planting (stump plants). Advantages of planting stumps: 

I. In case of Locust, etc., lack of thorns. 

II. In case of tap rooters (Walnut, Hickory, Oaks where loss of 
rcot fibre is great), rapid re-establishment of the equilibrium pre- 
viously existing between water-sucking power and evaporation. 
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III. Certainty of planting the seedlings neither deeper nor higher 
than they were in the nursery. 

Conifers cannot be stump planted. 

If stump plants of Ash or Maple are to be used, stumps one and 
one-half to two inches high should be left. In the case of Oak, the 
stemlet should be cut off just: above the point of differentiation. 
Stumping seems practicable in the case of Chestnut as well, and 1s 
often applied to Catalpa, Locust and Honey-Locust. Stumping is 
objectionable on account of the rabbits eating the new shoots, or 
where weeds are rank. 

D. Bunch planting is often practiced where very small seedlings, 
cheaply raised and not transplanted in the nursery, are thereafter 
exposed in the woods to atmospheric hardships or to damage by ani- 
mals. From two to thirty such seedlings form a bunch planted into 
one hole. Bunch planting is applied to German Spruce and Beech, 
although losing favor with the foresters abroad. 

E. Plants may be planted irregularly or else in triangles, squares, 
rectangles. The advantage of an exact regular arrangement, which 
may be obtained with the help of long planting strings, bearing blue 
and red marks, are: 

I. Saving of time and expense. Each workman is kept busy by 
the work of his neighbor, and none can fall behind. Supervision by 
rangers is facilitated. 

Il. The number of plants needed is easily found and the probable 
expense is more accurately estimated. 

III. Small seedlings can be found easily in high weeds or grass. 

Iv. A plantation may.be opened to pasture at an earlier date. 

Vv. A mixture of species, and, later, underplanting are more 
readily obtained. 

VI. The cleaning, thinning and pruning of the plantation is 
facilitated. 

VII. Possibility of cultivation between the rows in prairies and 
on abandoned fields. 

The triangular form gives the largest number of plants per 
acre, distributes the growing space equally, and is therefore said to 
raise cleaner stems. The arrangement in squares allows for a given 
planting distance 15% less plants per acre than the triangular 
system. 

The rectangular system, though scientificMly objectionable, 
practically prevails over the others. The plantlets standing close 
within a row assist one another from early times on. Planting be- 
tween the rows and the cultivation of slopes are facilitated within 
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rectangles. It is said, however, that the saplings form large sice 
branches and retain the same for a longer period of years. Rectangu- 
lar plantations are known to suffer less from snowbreak. 

F, Usually it is best to make the holes for the plants before 
planting—unless, on clay soil, the holes are apt to fill with water. 
The making of holes takes more time, in many a case, than the 
planting itself. It should not be done during the few spring days 
favorable to tree planting. 

G. The rangers should make all necdful preparations for planting 
several days or weeks before planting, securing the seedlings, “ heel- 
ing them in” close to the plantation and getting the implements and 
tools in proper condition. 


No. of plants No. of plants 


Planting per acre in per acre in 

distance. squares. triangles. 

1 TOOG: gave cetera te ah hemes hang etka Toatemen 43,560 50,650 
SC ee eee eres. ee eee ee eee ee 10,900 12,674 
OCS en ebaw acola ob ocumetckn Meee ee TER 4,850 5,640 
AE BOO bir Ses vee strep sricrcee cose tease ta cenisav iy esti ce en igure 2,725 3,168 
Dt FOGG eo da.geainws ne anremmmatne cede ig tigers 1,750 2,034 
@ £00t: scsecucses gexeauusds eaaes Reems 1,210 1,407 


Paragraph XIX. Criteria of good seedlings. 

A. The root system: 

The root system should be as compact as possible and as rich 
in fine hair fibres as possible, qualities which are only obtained in 
a well-fertilized nursery. It must be remembered that the -small 
hair fibres are the feeders of seedlings, and that the stronger roots 
act merely as bones or as the skeleton giving the plant a firm 
anchorage in the soil. 

A short exposure to sunlight and to dry winds kills the root 
hairs. ‘Roots cannot live in air any better than fish, though requiring 
oxygen like fish. Toumey claims that “many successful planters 
never set evergreens until the root tips show signs of growth.” This 
experience is entirely at discord with the universal European ex- 
perience. Conifers are very sensitive against loss of root fibres. 
Fresh tips, evidently, are most apt to be injured in handling or by 
drought. 

The pruning of the root system is a necessary evil in the case 
of very long tap roots. Conifers do not allow of it. Badly damaged 


roots may be clipped with a sharp knife just above the damaged 
point. 
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B. The shaftlet: Crooks are not injurious, the plant healing 
them quickly. Slender plants are not desirable, partly because they 
sway badly in the wind, thus getting loose in the soil; partly because 
slender shafts are due to excessively close position in the nurseries. 
In the case of broad-leaved seedlings one or two years old the shaft 
of spindling specimens may be cut off without lasting injury (not 
in conifers). 

C. The buds: The buds must have a healthy color, a large size 
and a goodly number. Small buds prove the plant to be weak; so 
that it has a poor chance to withstand the hardships of transplanting. 
In conifers, the condition of the buds is especially telling. Poor and 
few buds in hardwoods render it advisable to lop the stemlets. 


Paragraph XX. Age, size and number of seedlings used. 

A. Young plants are more easily transplanted than old plants, 
the loss of root system being smaller. Large saplings (10 ft. high 
to 4 inches in diameter) are transplanted only at great expense and 
great risk. They must be transplanted with big balls of dirt 
attached. 

B. The number of plants used per acre in Europe varies between 
1,000 and 40,000 specimens per acre in case of Pines, Spruces and 
Beeches. The advantage of a large number of small plants is: 

I. Better chance for nature to select the fittest. 

TI. Less reinforcing required. 

III. Even unexperienced planters can be used. 

IV. Plant material is very cheap. 

V. Larger returns from first thinning and clearer boles. 

On the other hand, the advantage of planting stronger seedlings, 
especially transplants three to six years old, lies in the following 
points: 

VI. On poor soil, strong plants have a better chance. 

VII. Older plants have already overcome the “ measles ” of child- 
hood—fungi, insect diseases—to a large extent. 

VIII. Such plantations suffer less from snowbreak. 

IX. The rotation is shortened by a number of years. In a White 
Pine plantation made with seedlings seven years old, instead of seed- 
lings two years old, the rotation is reduced from fifty to forty five 
years; and the original cost of planting may be 27% higher, figuring 
at 5% interest; 22% higher, figuring at 4% interest; .3% higher, 
figuring at 3% interest. 

C. Generally speaking, Oak, Hickory and Walnut should be 
planted one year old on account of the large size of the tap roots. 
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Spruce, Fir and Hemlock should be planted three to five years old, 
after previous transplanting in the nursery. Ash should be planted 
six. years old when used in half swamps having luxurious growth 
of weeds. Yellow Pine must always be planted one or two years old, 
unless ball planting is resorted to. 

After Toumey: For the prairies, yearlings are best in case of 
Cottonwoods, Box Elder, Soft Maple (Soft Maple sprouts in June 
and is very small in fall), Russian Mulberry, Catalpa, Walnut, Black 
Cherry, Locust and Honey-Locust. At Biltmore, Black Cherry trans- 
plants three years old do very well. Locusts two,years old are 
clipped back. Maple and Ash are transplanted and used three to 
four years old; Yellow Pines are used one of two years old; While 
Pines two, three or four years old; Catalpa one year old, ete. 


Paragraph XXI. Lifting seedlings from nursery beds. 


Tt is not advisable to plow the seedlings out of the ground or 
to tear them out with tongs. In the case of species having small 
reproductive power (Conifers, Beech, Birch) adgitional care is needed. 
The spade should be used; and the plant should be lifted together 
with large clumps of dirt which, thrown on the ground, collapse and 
allow of safe extrication of the plants contained in the clumps. 

It is wise, carriage charges permitting, to allow some dirt to 
stick to the roots. On more binding soil the hollow eylinder spade 
might be used for lifting small plants. Plants should be well covered 
with burlaps, wet moss, dirt, etc., at once after digging. Plants left 
for a number of days between the plantation and the nursery should 
be heeled in thoroughly, shinglelike, one row covering the other, in 
a shady place. 


Paragraph XXII. Transportation of seedlings. 


The roots are thoroughly protected. A voyage from Europe to 
Kiltmore, though it may take six weeks time, will not injure the 
plants. Plants are loosely put together in bunches of one hundred to 
two hundred pieces, are placed in baskets or open crates, the roots in 
the center, the tips at the circumference. Layers of plants alternate 
with layers of damp moss. Seedlings packed tightly, especially in 
boxes, are apt to mould. 

Plants merely taken to a nearby plantation on wagons should 
be well covered with branches, moss or sacks, and should be sprinkled 
during transportation. Ball plants do not need packing unless balls 
are very loose. when burlaps are necessary. One hundred Yellow Pine 
ball plants, after Rankin, with balls ten inches square, make up a two- 
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horse load. Fifty thousand seedlings without balls and well watered, 
or eighty thousand seedlings slightly dampened, usually make a 
wagon load. « 


Paragraph XXIII. Common methods of planting seedlings in the open. 


A. Planting in furrows. 

The furrows should be made deeply with a subsoil plow. The 
plants are distributed, at proper distance, in the furrows. Then 
another furrow is at once given with a turning plow, throwing the 
needful dirt over the plants, which are thereafter adjusted ani 
pressed into proper site, by hand. 

This is a quick method of planting, but is practical only on 
prairies or on abandoned fields. It involves the danger of reckless 
spreading of roots and of loose imbedding of the plant in loose soil. 
The plants are also apt to be placed too deep and to be shaken 
badly by wind. The method, however, yields good results in case of 

I. Stump planting (Oak, Locust, Catalpa). 

iI. Planting many one-year-old seedlings (so that a large per- 
centage might be lost without great injury). 

III. Plants not sensitive to deep planting (not for White Pine 
and Spruce). Plants placed too deep form a second root system 
close to the surface and develop a bushy bole, useless in forestry, 
pleasing in a garden. 

At Biltmore, the furrow method was used by Pinchot at the 
Shiloh Crossing plantation. A modification of the furrow method 
was used at the Rice farm in 1903, where deep furrows were drawn, 
the plants inserted by hand, covered by hand and adjusted by hand. 
A planting machine (Dr. Fernow’s), resembling a tobacco planting 
machine, is not used. ? 

B. Planting in holes. The holes are either holes dug with the 
spade or clefts wedged into the soil. Most planters mulch the roots 
in loamy water so as to increase their weight and so as to reduce 
their spread before insertion into the hole. The root fibres suffer 
from this mulching, however, being braided unnaturally. The root 
tips should not be bent upward. The depth and width of the hole 
should correspond with the actual size of the root. Several plants 
might be placed in the same hole to save expense. Theoretically it 
is best to place each plant in the center of its hole. At Biltmore, 
however, planting in the lower edge of the hole is preferred because: 

I. No root is hemispherically developed. 

II. Planting at the edge is the best preventative against deep 
planting, the planter holding the plant with’ the left hand at the 
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point of differentiation against the edge of the hole, when drawing 
with the right hand the dirt required to fill the hole. 

III. Such plants are firmly imbedded and are less shaken by the 
wind. On forest soil it is wise to place the top dirt dug from the 
hole around the root tips, and the bottom dirt of the hole close to the 
surface. The workmen should be shown daily by the forester how to 
plant. It is of the utmost importance to pulverize and loosen the 
dirt first, and to then press and beat it tightly with fist, heel or 
mallet around the roots. Some planters give a trifle of forest humus 
into the hole; others carry fertile garden dirt in baskets to the 
plantations. The placing of stones on the hole (as refrigerators) is 
recommended. One man’s work at hole digging per day is 300 to 3,000 
according to root-size and conditions of soil. 

C. The seedling must stand, after planting: 

I. Firmly, the dirt being tightly packed around its roots, so that 
it cannot be shaken and so that the rocts may establish their suck- 
ing contacts. 

II. Naturally, the roots having the same manner of spreading 
and ramifying which they had in the nursery. 

IIL. Erect and just as deep as it stood in the nursery (exception: 
barren sand). 


Paragraph XXIV. Special methods and tools used for planting seed- 
lings in the open. 

A. Biermans spiral spade, costing $2.00, is pointed parabolically, 
the blade being 74% inches long and 5 inches wide, When used bor- 
ingly, this spade forms a parabolic hole and loosens the soil. With 
the left hand the seedling is pressed against the side of the hole. 
while the right hand'places some sod ashes (See Par. XXIX, D. V1.) 
immediately over the fine root fibres. Then the best part of the 
soil is used to fill the near half of the hole, and the poorest for 
filling the far half. The instrument is adapted to hardened soil. 
On wet and binding soil, the dirt clogs in the curves of the spade. 
Capacity per hand in Germany 320 plants per day. 

B. The Planting Dagger is used for Yellow Pine seedlings ore or 
two years old, to be planted on sandy soil. The dagger is three 
inches longer than the longest root. It is made of wou, iron shod 
at the point. It makes a narrow, funnel-shaped hole, which is 
closed by pressure from another hole made a few inches from the 
first. On loose, sandy soil it is wise to plant Yellow Pine seedlings 
deeply—up to first needles—since Yellow Pine is not affected, in 
that soil, by deep planting. Daggering is the cheapest possible 
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method for planting Long Leaf Pine, Jack Pine, Lodgepole Pine, ete. 
Capacity 800 to 900 per day and hand. 

C. The Buttlar lron, once much used for thrusting holes ‘tite 
the soil, is now in disfavor since it causes the seedlings to be jn- 
serted into holes having walls as impenetrable as those of a flower- 
pot. Only plants one or two years old can be thus planted (“cleft 
planted ”). 

D. The Wartenberg Iron consists of a sword 18 inches long, 
attached to a heavy handle. Price $2.25. Similar irons were made 
at Biltmore out of three-inch wagon tire, at a small cost. A deep 
cleft is made by the iron in which tap-rooted seedlings are readily 
inserted. On binding soil, however, or in a broomsedge field, the use 
of this iron cannot be recommended. 

E. The planting hammer is used to make small holes for small 
roots. The iron part of the hammer is about five inches long. The 
planting hatchet, a similar make, may be used to advantage for 
planting one-year-old plants. The holes are closed by beating the 
dirt round the holes with the back of the hammer or with the 
hatchet. 

F. Von Alemann constructed a very heavy square spade which 
is pushed and drawn in a particular way, like the lever of a handcar 
on the railroads, so as to make the lower part of the hole wider than 
the middle part, the cross-section of the whole forming an X. If 
Gaks are planted, an extra hole is made at the bottom of that mace 
with the spade, by means of a long dagger in which the tap root 
of the oak is to be imbedded. The hole is closed by pressure from 
the sides. It seems doubtful whether the soil will close entirely 
over the roots unless it be sandy. One man can plant 580 Oaks two 
years old or 1,270 Yellow Pines two years old with this instrument 
on plowed ground. 

G. The Planting Beak, constructed by Barth, makes and empties 
a triangular hole, taking out the dirt filling the hole. Plants one or 
two years old are placed along the vertical side of the hole. Then 
the dirt kept in the beak is filled in. The instrument is 34% feet 
long and weighs 15 pounds. It is said to be superior to all cleft 
planting tools, whilst it works just as cheaply on loose soil. 

H. Planting under sod cover. (Von Alemann). Two sods are 
turned over, like the covers of books, and laid back, upside down, 
without loosening the “hinge” of the sods. The soil in the hole 
is deeply worked with a spade. In the middle of the hole the plant 
is placed, with the roots spread as much as possible within the entire 
hole. Then the two sods are turned back into their original position, 


67 


SYLVICULTURE. 


so that the seedling stands between them. This is a good method 
on ground where frost is to be dreaded, and is used for Ash, Alder 
and Water Birch one to three years old. 

I. Mound Planting (Manteuffel). Small mounds are made con- 
sisting of rich nursery soil to be carried in baskets to the plantations, 
The plant is placed into the mound, its roots touching the vegetable 
mould underneath. The mound is covered with sods to prevent 
erosion. The method works well on very dry and hard ground. 
About 100 plants are planted per day and per man after this method. 
Its advantages are: Z 

I. The vegatable cover of the soil, by its disintegration, furnishes 
food for the rootlets. 

II. The quality of the soil surrounding the roots is very good. 

III. The soil in the mounds is kept moist with condensed atmos- 
pherie vapor, owing to its greater porosity. 

IV. The planter is not likely to plant the seedling too deep. 

The method is also applied on very wet soil. The mounds may 
be replaced by ridges. Experiments have shown that planting in 
mounds does better in years of drought than planting in holes. 

Modifications of the Manteuffel method are in common use. 
Ordindry soil dug out at the planting site may be used to make the 
mound; or, where there are heavy sods, a sod is turned upside down 
and left to rot for a year. The mound thus made is rich in plant 
food resulting from the disintegration of root fibres and vegetable 
matter. : 

Disadvantages of mound planting are: 

a. The mounds are easily washed away on slopes unless under 
cover of mother trees. 

b. The best soil is washed out if the mound is not covered with 
sods, stones or brush. 

ec. Insects and mice find hiding and breeding places In the sod- 
covered mounds. 

d. Mound planting is very expensive. 

J. Ballplanting, with Charles Heyer’s hollow cylinder spade. 

The cylinder spade can be used to best advantage on binding soil. 
It lifts the plant (seedlings, notably conifers one or two years old) 
from the nursery without loss of roots and prepares for it a hole on 
the ground to be planted having the exact form of the ball of dirt 
adhering to the roots. 

The method is particularly safe and seems particularly adapted 
for prairie planting since it protects the seedling before, during and 
after the act of planting; since it prevents the seedling from loosing 
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its foothold in the soil under the influence of high winds; since it 
allows of planting at almost any season of the year. 

On stony soil, the cylinder spade cannot be used. Edward 
Heyer’s “cone spade” facilitates the transfer of larger seedlings 
with heavier balls of dirt from the nursery or from the woods to 
new plantations. 


Paragraph XXV. Season for planting seedlings. 

Factors influencing the season are: 

Local climate. 

Labor available. 

Time available. 

Species planted. 

Theoretically seedlings should be planted during the pe:iod of 
inactivity of roots-and buds, or in mid-winter. This the-retical 
demand, however, in a Northern climate, cannot be carried out, the 
ground being frozen at that time. Hence the choice only remains 
between planting in late fall and planting in early spring. After 
Engler, roots show two periods of active growth, viz.: a spring-and- 
summer veriod influenced by soil moisture, and a fall period in- 
tuenced by soil heat. The growth of the roots during August and 
September, between the two periods mentioned, is very weak. 

In spring, the growth of the roots starts in March and April 
and shows the highest activity in May, June and July. 

A. Spring Planting. 

The seedlings are planted before the opening of the buds. The 
moisture left in the soil by the melting snow is very favorable to 
their growth. Objections to spring planting are: 

I. Searcity of labor, unless forest planting begins at a time at 
which fields are too wet to be worked. 

IL. Larch, Maple, Cherry and Birch sprout so early in spring that 

“it is impossible to adopt spring planting in their case. 

III. Moist ground, hummocks and swamps are not accessible in 
spring. 

IV. The soil is not packed as tightly around the roots on the 
arrival of spring as is the case in fall planting. 

B. Fall Planting. 

Fall planting is preferred on wet areas and in the case of early 
sprouting species. The disadvantages of fall planting otherwise out- 
weigh the benefits combined therewith. 

I. Seedlings planted in fall are apt to be heaved up by the 
winter's freeze. 
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Il. The severe winds of the winter loosen the foothold of coni- 
fers planted in fall. 

III. Fall-planted seedlings are more subject to late frost, open- 
ing their buds some ten days earlier than spring-planted seedlings. 

IV. On weedy soil, fall-planting is handicapped by the presence 
of a rank growth of weeds which has retted down at the arrival of 
spring. : 

In the Southern states, even at Biltmore, planting in January 
and February is very feasible, perhaps advisable in average years. 

Ball plants can be planted at any season of the year. 

In countries of periodical rainfall (California, India and Porto 
Rico) it is best to plant just before the beginning of the rainy season. 

In swamps, summer planting or early fall planting is a nec2s- 
sity. 

Paragraph XXVI. Cultivation of plantations. 

A. Practice: The European forester never cultivates any planta- 
tions for the reason that his plantations are made immediately after 
lumbering, when the rootwork and the stumps on the ground render 
cultivation difficult. Under the incident conditions of soil (humus: 
porosity), cultivation is usually not required for the success of a 
plantation. Irregular plantations cannot be cultivated. 

The forester afforesting sand dunes obviously objects to cultiva- 
tion. 

The forester afforesting swamps finds cultivation impracticable. 

B. Advisability: Cultivation is advisable: 

Where there is neither humus nor rootwork in the ground; 

Where the soil, like prairie soil, is compact and hard, lacking in 
aeration, porosity, capilary power, hygroscopicity ; 

Where competing herbaceous weeds threaten to smother smalt 
seedlings ; 

Where mice or soil breeding insects prevail, which are disturbed, 
exposed or killed by continuous cultivation. 

C. Frequency. 

The forester may cultivate up to-three times per annum, during 
one, two or more years—sometimes till the leaf canopy overhead 
secures for the soil a solid layer of humus by dense shading. 

D. Tools. 

A bull-tongue plow is used, on rough ground, for plant rows 
placed less than three feet apart. 

Cultivators are used, as in agriculture, where the soil is loose, 
and where the rows are far enough apart and the ground is free 
from stumps or roots or belders. 
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Hoes are used in exceptional cases only, where labor is cheap 
and where the soil does not allow of using teams and machinery. 


Mules and horses are muzzled to protect broad-leaved seedlings 
from being browsed. 


Paragraph XXVII. Prairie planting in particular. 


A. The prairie exhibits as marked climatic differences as the 
State of Georgia compared to the District of Labrador. 

“General prescriptions for prairie planting” are impossible, 
owing to these climatic diversities. 

B. The species used must be adapted to the quality of the soil, 
the intensity of summer heat, the duration of the summer, the soil 
moisture, the air moisture. Native trees should be given the pref- 
erence in case of doubt. 

C. Prairie plantations are meant either for production of timber 
(ties, posts, etc.), or for shelter to stock, house, orchard and field. 

D. Species recommended for prairie planting are: 

I. For Canada: 

White Spruce, Cottonwood, Balm of Gilead, Box-elder, Green Ash, 
Russian Poplar; further Yellow Pines. 

II. For Minnesota and Dakota: 

Cottonwoods, Soft Maples, Willows, Ashes, Box-elder, Tamarack 
in swamps, Bur Oak along rivers. 

III. For Nebraska and Iowa: 

The same species and Red Cedar, Russian Mulberry. 

IV. For Kansas, Arkansas, Oklahoma and Missouri: 

Osage Orange, Black Locust, Hardy Catalpa, Post Oak and 
White Oak. 

EK. Naturally we should expect Xerophytic species, like Yellow 
Pines, to do best in the prairies, and the old stumps found buried in 
the ground bear testimony to their possibilities. Being evergreen the 
Pines protect the farmers best from blizzards. Still, just Pines are 
most apt to meet with distress previous and after the act of 
planting. Ball planting should be tried. The European Pinus mon- 
tana resists wind particularly well. 

F. Preparation of soil: It is best to prepare the soil thoroughly 
by several years’ field crops. Deep plowing is required (Toumey) 
in the fall previous to planting and in the spring of planting. 

G. Preparation ‘of plants: The seedlings arriving at the farm 
should be removed from the package; heeled in under shade, pro- 
tected from winds and sprinkled if frost.is not to be feared. Toumey 
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wishes to puddle plants before heeling, and desires to plant the 
conifers invariably after the broad-leaved kinds. 

H. Planting: The planter must patiently wait for proper 
weather. Thorough protection of the roots during every moment 
of the act of planting is essential, Each individual must be planted 
by itself—no dozen methods! The plants should be set closely 
within the rows; the soil must be packed tightly round the roots. 
Reversed sods or stones may be used to ballast the roots and to 
prevent the wind from shaking them loose. 

I. Cultivation: Cultivation is necessary up to the time when 
the trees cover the ground fully, littering it with humus. Where 
barefrost is dreaded, cultivation should end in late summer. 


Paragraph XXVIII. Methods of obtaining plants for- planting. 


A. Frequently, seedlings are obtained from the woods nearby, 
a method which seems to recommend itself as cheap and natural. 
It is a fact, however, that the roots and the buds of wild seed- 
lings are badly adapted for the purpose of planting. The former 
are far-spreading; the buds are weak and few. In addition it is 
risky to take plants from the shelter of mother trees suddenly 
onto open ground. The use of wild seedlings over two years 
old is particularly unsuccessful. The failure of the timber culture 
act to prove efficient is largely due to the use of wild plants in 
prairie plantations. 

At Biltmore, seedlings of Yellow Poplar, Yellow Pine, Ash and 
Maple are often picked up with a spade and taken to the nurseries 
with good results. Such seedlings are taken at a very young 
age, without loss of dirt, to nurseries placed under lath screens. 
They are never removed directly to open plantations, with the 
exception of ballplants of Yellow Pine. 

B. Purchase of plants from commercial nurseries: 

During the last 15 years, a number of financially strong com- 
mercial nurseries have arisen abroad which, buying seed cheaply, 
located on suitable ground at good shipping points, enjoying many 
years’ close acquaintance with the needs of Sylviculture, have sup- 
plied the various German administrations with cheap plants of a 
superior grade. The Biltmore Estate has often obtained plants 
raised by Heins Sons, Halstenbeek, near Hamburg, notably White 
Pines, which have been very successful in spite of a six weeks voyage. 
On the other hand, American nurseries usually prepare plants only 
for ornamental purposes and not with a view of fostering the 
development of the tree bole. 
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Since the rangers and the helpers in fcrest planting should 
know the sylvicultural needs of the seedlings, it is surely wise to 
offer them object lessons at home through self-administered nurs- 
eries. 

C. Nurseries proper, ift charge of the forester. 

Where mice are much feared the nurseries should be sur- 
rounded by a deep, straight walled ditch. Fences are made of 
wire, lath, rails, ete., differing in material, strength, height and 
fineness of mesh according to the enemies locally dreaded. 

Proper nurseries yield the largest percentage of seedlings out 
of a given quantity of seeds. The seedlings raised therein have a 
better, more compact and more fibrous root system than wild plants. 
Expensive and exacting species should always be raised in “ forest 
gardens.” 

There may be distinguished: 

Nurseries under tree cover. 

Shifting nurseries. 

Permanent nurseries. 

I. Nurseries under tree cover form the exception, being required 
only for the production of seedlings of tender species; notably of 
Hemlock, Hard Maple, Beech. The nursery is formed by a pole- 
wood heavily thinned and dug over with the spade. Here Beech- 
nuts are planted broadeast or in furrows and the seedlings removed 
when two years old, without transplanting. Hard Maple and Hem- 
lock should be raised as in open nurseries. 

It is a noteworthy fact that broad-leaved kinds often thrive 
best under conifers (Oak and Beech under Pine) and conifers best 
under broad-leafed kinds (Spruce best under Beech, Maple, Birch). 
Only theoretical explanations can be given for this truism, the best 
explanation being the difference of enemies attacking such species. 

Objections to nurseries under. tree cover: 

a. Soil preparation is costly and insufficient. 

b. Plants raised cannot, be planted in the open without loss. 

ce. Nurseries under tree cover suffer badly from mice and 
squirrels and obtain insufficient rainfall. On the other hand, weeds 
and grasses are kept down by the shelter overhead. 

Nurseries under tree cover form the exception, not the rule. 

IL Shifting versus stationary nurseries. 

The advantages of stationary forest nurseries over shifting 
forest nurseries are: 

a. Reduced cost of tilling. 

b. Reduced cost of fencing. 
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ce. Reduced cost of supervision. 

On the other hand, stationary nurseries suffer from: 

1. Excess of weeds. 

2. Higher cost of transportation of seeds and seedlings. 

3. Large needs of artificial fertilizing.’ 

4. Danger from mice, insects and fungi for which such nurs- 
eries act as incubators. 

For raising ball plants, the shifting nursery is undoubtedly 
best; otherwise the selection between shifting and permanent nurs- 
eries depends on local conditions; such as the price of manure 
and of fencing; charges for transportation, etc. Seed plantations 
made on open ground are often used as shifting nurseries—espe- 
cially so in the case of Yellow Pines. 


Paragraph XXIX. Permanent nurseries in particular. 


A. The size of “forest gardens” (the German name for sta- 
tionary nurseries) depends upon the quantity, the age and the size 
of the seedlings annually needed. Further, on the presence or 
absence of transplanting beds, fallow beds and paths between the 
beds. Regular forest management has forest gardens fitted with: 

I. Transplanting beds, their total size being equal to trans- 
planting space by number of plants yearly needed by number of 
years which the transplants are left in such beds. 

II.. Seed-beds, their total size being equal to one-fourth of size 
of transplanting beds for one age class by number of years which 
the seedlings are allowed to stand untransplanted. 

III. Foot paths and roads equaling 30% of I and II. 

IV. Fallow beds equaling 100% of I, II, and III, if seedlings 
and transplants are left for one year only in their beds; 50% of I, 
II and III, if left for two years; and 33%, if left for three years. 

B. Form of beds. Beds are usually four to six feet wide, 
separated by paths one or two feet wide, the beds preferably ele- 
vated over the paths by from three to twelve inches, so as to 
check the migration of insects, mice and moles; and so as to allow 
of better aeration of the soil. Sometimes the beds are kept in 
board frames, an expensive though useful arrangement. 

C. The following factors must be considered in selecting the 
site of a nursery: 

I. Soil: A sandy loam or marl is best for seedlings. The correct 
degree of looseness is secured by mixing sawdust, spent tan, humus, 
ashes and weeds with the mineral soil. The soil should have no 
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stones, in order to allow of proper seed planting and in order to 
facilitate the digging of the plants. 

II. Exposure: The best exposure is a gentle northwest slope. 
The bottom of a valley is too frosty in spring. Southwest and 
southeast slopes are subject to rapid atmospheric changes. East- 
ern aspects invite damage by frost. : 

III. Proximity to water and possibility of irrigation. 

IV. Accessibility and distance from ranger’s house. 

D. Fertilizing: Stationary forest gardens require continuous 
fertilizing. Crops of seedlings exhaust the soil like grain. 

The following table exhibits, in pounds per acre, the amounts 
of fertilizing matter annually consumed by Pine seedlings, Pine 
poles and crops of rye. 


Yellow pine Yellow pine Crop of 


Fertilizing matter. one year old. eighty years old. rye 
Phosphoric acid ............. 9.8 lbs. 1.7 Ibs. 16.7 lbs. 
OtaS: sis iieiecgson agunnnsee ests 20.7 Ibs. 2.8 lbs. 24.2 lbs. 
Caleium: o4 25 ses is eases ages 17.2 Ibs. 10.1 Ibs. 9.7 Ibs. 
Magnesia .................. 3.0 Ibs. 2.0 Ibs. 4.2 Ibs. 
Sulphuric acid .............. 0.0 Ibs. 0.3 Ibs, 1.1 Ibs. 


The following fertilizers are used in forest gardens: 

I. Animal manure, which is considered best. Cattle manure 
is preferred to horse manure; on clay soil, however, horse manure 
is better. Heavy weeds come up from stable manure which has 
not had time to fully decompose. 

II. Commercial fertilizers: Experiments conducted with super- 
phosphate, bone meal and so on have failed to yield conclusive 
results. The best kalium fertilizer seems to be kainit (kalium 
chloride); the best nitrogen fertilizer is saltpeter. 

After Von Schroeder, the following quantities of phosphates, 
potash and nitrates are needed to raise 4,000,000 plants on an 
acre of nursery: 

520 Ibs. kainit. 

60 Ibs. superphosphate. 

320 Ibs. whale guano. 

III. Humus, the natural forest manure, is the cheapest fer- 
tilizer obtainable in the woods. Humus of Pines mixed with that 
of broad-leaved species is best. Humus just one year old is said 
to be richest in bacilli favorable to tree growth, and to be devoid 
of filiform fungi disastrous to plants. 

The weeds removed from nurseries furnish, through their de- 
composition, a valuable humus. 
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A mixture of humus with street sweepings, kitchen refuse, loam, 
burnt lime, etc., is often placed in huge heaps near the nurseries. 
The heaps are kept in a rotation so that the heap made in 1903 
is used only in 1906. The heaps are stirred up repeatedly so as to 
be acted upon by the air. 

IV. Vegetable matter other than humus. Such fertilizer may 
be obtained by raising, on the fallow beds, during the fallow year, 
cowpeas, clover, lupine (the latter on sandy soil) and other legumin- 
ous plants, all to be plowed under in fall. 

Leguminous plants increase the nitrogen in the soil. 

V. Wood ashes: Excessive use of wood ashes is disastrous to 
sprouting plants, especially on sandy soil. Besides kalium, wood 
ashes contain from 5% to 20% of phosphoric salts. Wood ashes 
should be used, however, moderately in Yellow Pine nurseries. 

VI. Sod ashes are recommended where other fertilizers are too 
costly. Sods of grass, of weeds or of huckleberries are dried, the 
majority of the dirt removed and used to build a chimney and a 
kiln resembling a charcoal kiln, wherein layers of sod alternate 
with layers of brushwood, waste thinnings, ete. The kiln is cov- 
ered with sods and wet dirt. Kilns burn, according to size, for 
from two days to two weeks. The sod ashes contain all mineral 
fertilizers needed; have great hygroscopicity and are free from 
insects, fungi and other bearers of plant diseases. 

Sod ashes should be exposed to the atmosphere for a year 
before use, and should then be well mixed with the top layer of 
nursery dirt. 


Paragraph XXX. Seed planting in seed beds. 


Seedbeds: Prescription for preparation: Plough and cross- 
plough to a depth of one foot; mix manure well with soil; heap 
the dirt taken from the paths on top of the beds; remove stones. 

Seeds are planted either broadcast or in drills to a depth 
generally equaling their longest dimensions. 

A. Broadcast planting is always used in commercial nurseries 
while the sylviculturists use it only for seeds of small germinating 
percentage (Birch, Elm, Beech, Alder and Yellow Poplar) or in 
case of very light grained species which do not allow of any covering. 

Broadcast planting is permissible if seedlings are kept in the 
bed one year only. Economy in size of nursery and less weeding 
are the advantages of broadcast planting. 

With the help of a roller or, better still, of a heavy plank, 
the surface of the seed bed is pressed down until an even surface 
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is obtained. Then the seeds are planted, dirt or fertilizer or sod 
ashes sifted on top, and the surface of the bed again pressed down 
as before. To prevent the formation of a crust, a cover of moss 
or leaves is often given, to be removed before the time at which 
the cotyledons are expected to appear. Better than moss or leaves 
are coverings consisting of Pine branches (exception: on Pine seeds). 

B. Planting in rills. The rills are from one-fourth to three inches 
wide; made with a “rill board,” a plank well seasoned to which 
mouldings are nailed. These mouldings may either be square or 
triangular in their cross sections. 

The rills are from five to ten inches apart. Double rills are 
preferred, lately, in Germany. In order to economize in the use of 
fertilizer and in order to obtain a compact root system, trenches 
are sometimes made and filled with particularly fertile soil, at 
a distance apart equaling that of the rills. These trenches are 
made with a special “trench hoe,” triangular in shape. The seed 
is put in the rill with the hand, with the help of a reduplicated 
playing card, a bottle of seed or, better, a stick 2”x4” groved on 
one side and as long as the width of the bed, or, best of all, a 
hinged gutter into which the seeds are filled by “thimblefuls” 

r “spoonfuls,” evenly distributed in the base of the gutter. The 
gutter is placed over the rill and opened by pressing the two sides 
together, when the seeds drop through the “slot.* To insure 
even distribution of the seed in the gutter, small niches may be 
provided at short, equal intervals at the base of the gutter, the 
aggregate size of the cavities corresponding with the quantity of 
seeds to be planted in each rill. 

Advantages of rill planting: 

I. Economy in seed. 

II. Stronger plants of more compact form grown at proper 
intervals apart. 

III. Economy in manure. 

IV. Seeds put at proper depth. 

V. The foot of plantlet can be easily covered with moss or 
leaves. 

VI. Weeding is made easy. 

Unless very experienced help can be had, rill-planting is cer- 
tainly preferable. Undoubtedly, however, insects, mice and moles 
following the rills do greater damage than in broadcast planting. 

The quantity of seed per square foot of seed bed depends on 
the number of seeds in « pound; the germinating percentage; the 
quality of soil; the number of years which the seedling is meant 
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to stay in the beds; rapidity of growth. Oak 2% of a quart; 
Beech and Chestnut, 4% of a quart; Locust, Ash, Maple, Elm, Birch, 
30 grains; Alders, 45 grains; Fir, 150 grains; Yellow Pine, 15 
grains; Spruce, 20 grains; Tamarack, 30 grains; avoirdupois—all 
per square foot. 

The figures given are illustrations, not prescriptions. 

Heavy seeds (nuts) are usually dibbled in, with a “ dibbling 
board.” 
Paragraph XXXI. Transplanting in transplanting beds. 


Transplanting is expensive. It must be done at a time when 
forestal labor is anyhow fully occupied. Transplanting is, there- 
fore, resorted to only 

A. In case of very expensive seeds or seedlings. 

B. In case of very slow growing seedlings. 

C. In case of plants exposed in the open to severe dangers 
(drought, frost, game, mice, insects, weeds). 

To avoid transplanting, the following alternatives are used: 

I. The offspring of very cheap seeds (German Spruce) is “sin- 
gled out,” weaklings or individuals standing crowdedly being pulled- 
out by hand, or being cut out by scissors. z 

II. “Root pruning” is adopted which inforces 2 compact root 
system by cutting off, with a sharp spade, far-spreading roots, or 
long tap roots. 

The transplanting distance is, at least, three by six inches and 
is governed by rapidity of growth expected and by the number of 
years which the transplant is to be left in the transplanting bed. 

Transplants are set in clefts in the transplanting bed made 
with the help of a transplanting dagger, or are placed into trenches 
made with a hoe or spade. 

Planting boards may be used, along which the seedlings, whilst 
pressed into equidistant slight grooves, are held in proper posi- 
tion by a string tightly spanned. 

Transplants are often left for one year only in the trans- 
planting bed, although the act of transplanting weakens the plant 
temporarily, thus checking the first year’s growth in the trans- 
planting bed. Conifers should not be transplanted more than once. 
Hardwoods are rarely transplanted more than once, excepting the 
Ash, saplings of which are used for planting hummocks. 


Paragraph” XXXII. Protection of nurseries. 


A. Protection of nursery plants against drought: Lath covers, 
cloth covers, branches, cornstalks, top covering of slabs, laths, etc.; 
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cultivating rows of plants; watering which must be continued if 
once begun. 

B. Protection of nursery plants against frost: Same measures 
as in “A” inclusive of watering; smoking fires; pressing seedlings 
lifted by frost back into the bed; no weeding from September on. 

C. Protection against excessive rain (which washes the plants 
out, or splashes them with mud-pants, or incrusts the surface): 
Top dressing of leaves, moss or Pine branches; “combing” mud- 
pants off the seedlings; lath or brush covers. 

Paragraph XXXIII. Nursing in nurseries. 

A. Weeding: Weeding is facilitated in nurseries by a regular 
arrangement of the plants and by narrow beds. Tools are: knife, 
fork, hoe or special weeding wheels. Weeding should be stopped 
a month before frost comes in. The purpose of weeding is not 
only the removal of competitors; it is also aeration of the soil. 

Weeding can be dispensed with in dense, broadcast seed beds; 
in thinly stocked beds planted broadcast it is most necessary and 
most difficult. : 

B. Cultivation: Cultivation in the transplanting beds of com- 
mercial nurseries (Beadle at Biltmore) is done by cultivators drawn 
by a horse. Cultivation in forest nurseries proper purports to break 
the crust forming under the influence of heavy rain fall. Usually 
the act of weeding cultivates the soil as well. Cultivation is most 
easily effected by drawing some strong nails driven into a stick 
along each rill. This cultivation, at the same time, disturbs and 
scares away mice, voles and insects. 

C. Carpeting the intervals between rills or rows: 

Reversed moss, spent tan, sawdust, straw, hay, twigs (always 
of another species), poles (never fresh cut pine poles, which are 
incubators to snout beetles) are often laid between the rills or 
rows so as to preserve moisture, to prevent mud-pants from forming 
on the stemlets and to check weeds. These carpets, however, har- 
bor mice and insects. Large leaves in the carpet threaten to 
smother young seedlings if blown upon them. 

D. Trimming. The top shoot when killed by early frost or 
drought might be cut off. In no other case must it be touched. 
The side branches of broad-leafed species and of winterbald coni- 
fers might be clipped before or after planting and transplanting so 
as to reestablish the previous equilibrium existing between water 
sucking power of the roots now checked by transplanting and water 
evaporation from the crownlets left unchecked by planting. Species 
having a heavy central” pith column should not be trimmed too 
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close to the stemlet (Ash, Catalpa, Maple). Ash and Catalpa are 
apt to form forks which may be prevented by timely trimming. 

Large broad-leaved plants planted in furrows often die, when 
shaken loose by winds. They may be saved if cut to the ground 
previous to June 15th. 

Paragraph XXXIV. Special nursery methods proclaimed by renowned 
sylviculturists. 

A. Biermans’ method. 

Peel the soil cover of an area four times the size of the seed 
bed and burn the sods thus gotten into sod ashes. Leave them over 
winter. In spring,-mix one-half of the sod ashes with the stirred 
up top dirt of the intended seed bed. Spread the other one-half 
pure on top of the bed. Smooth the surface of the bed and press 
it with a board. Spread seeds broadcast as close together as pos- 
sible, so that the soil is hardly visible between the grains. Cover 
seeds with sod ashes sifted on top, and press the cover down with 
a board. Transplant the young germs in June. Shorten the taproot 
of Oaks by cuttmg with a sharp knife. Oak nurseries should be 
underlaid with impenetrable soil. Yellow Pine and Larch should 
be used in the open when one year old; all other species two to 
three years old. 

This method yields very well rooted seedlings. The use of 
sod ashes is, perhaps not an essential feature of the method; fer- 
tilizer or manure might be taken instead. The striking point 
is the transplanting of germs in June. 

B. Von Buttlar method: Von Buttlar wants to raise long roots, 
not compact roots, for use in sandy soil. The nursery is worked 
to a depth of three feet, the bottom soil being brought to the sur- 
face. Larch, Fir and Elm seed are planted broadcast; all other 
species in rills. No transplanting. All species are used one or 
two years old. 

C. Manteuffel method. The plants required by Manteuffel must 
have short, flat roots. Consequently, the best soil in the nursery 
should be the top soil, and the ground underneath should not be 
worked to any depth. 

Remove by peeling the top layer of the soil, and beat the dirt 
out of the peeled sods onto the seed beds. Mix it with the dirt 
of the underground in fall. In spring, burn the sods and other 
vegetable matter at hand on the beds, mixing the wood ashes thus 
obtained with the top soil. Spruce shall not be transplanted and 
is to be used when two years old. Fir and all broad-leafed species 
must be transplanted. 
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Paragraph XXXV. Raising and planting hardwood seedlings on 
open ground. 


Beech: Usual age of plants fit for use, two to five years. 
Transplants rarely used. Ball plants very_successful. Bunch plant- 
ing best, especially for underplanting. Do not cut stemlet to the 
ground and avoid pruning. Planting in open hardly successful. 
Beech best for underplanting. Almost light demander on poor soil. 
Beech is exacting (good soil and moisture). Instruments used are 
hoe, spiral spade, cleft irons. 

Black Locust: Seeds should be planted two to two and one-half 
inches deep, an exception from the rule considering the small size of 
the seed. Drills eight inches apart. Germinating percentage of seeds 
very high. Seedlings are fit for planting when one year old. Usually, 
however, they are left in the seed bed for two years, and are then 
planted directly in the open. The planting of stumps and fall 
planting are strongly recommended. Plantations handicapped by 
twigboring moth (Ecdytolopha species) and by voles. Locust grown 
in the open is inferior to forest grown Locust. 

Linden: Is usually planted in the open as a transplant three 
to four years old, or as a ball plant two to three years old. Spring 
planting. Good soil required. Pruning of branches a necessity. 
Plantations in Biltmore made in ’98 on splendid soil, but without 
cover overhead, were slow to develop. 

Oaks: The nursery treatment differs greatly according to local 
likes and forestry authorities relied upon. The treatment of the 
tap root is a continuous point of dispute. Manteuffel cuts the tap 
root one and one-half inches below ground (just as the voles did 
in Biltmore nurseries). Buttlar ties a knot into the root. Alemann 
forbids any crippling of the tap root, making an extra cleft 
in the planting hole to receive the tap root. Levret prevents the 
development of a tap root by placing the acorns on small macadam, 
covering them with one inch of dirt. The ground underneath the 
macadam must be hard. 

Large areas of Oak planted in Northern Germany with the tap 
root cut off prove the success of Manteuffel’s method. The hollow 
borer cannot be used. Trimming of branches is all right. Roots 
should be pruned, after Fiirst, with a sharp spade at six inches 
below ground in the second spring. Spring planting is best. Some 
planters remove the first germ of the acorn (“offgerming”) with 
a view to stopping the development of the tap root—very costly. 
Stump plants do very well, especially in the coppice woods. Usually 
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seedlings one and two years old are planted. The use of saplings, 
transplanted repeatedly, is not advisable. Cleft planting of seed- 
lings on broomsedge fields at Biltmore proves unsuccessful; the 
weeds choking and the rabbits eating the seedlings. Cleft planting 
in cutover woodlands, however, on fairly loose soil is a method 
to be strongly endorsed. In France the clefts are made inclined, 
not vertical; saplings 20 years old do not show any crooks due to 
the method. Planting of seedlings or of young transplants in 
spade holes, in furrows or in clefts made between the lid and 
the pit formed by reversed sods prove successful at Biltmore. 
Young plants are not subject to lifting by frost nor do they suffer 
from drought. The nursery should not be worked deeper than 
one foot while the success of the final plantation largely depends 
on looseness of .ground at a greater depth. Generally Red Oak is 
more vigorous in early youth than White Oak. At Biltmore, 
Chestnut Oak is the best species for abandoned fields. 

Chestnut: Soil well worked to a depth of sixteen inches, kalium 
a necessity, lime disastrous. Seedling planting (plants one or two 
years old) forms the rule; planting of stumps is also good. 

Since Chestnut is very sensitive under changed conditions of 
growth, ball planting is probably the best method. Seeds are kept 
in the burrs over winter, or in layers alternating with layers of 
dry sand. Immediate fall planting, however, is best. Nuts are 
planted in drills two inches deep two inches apart, the drills six 
to twelve inches apart. At Biltmore planting of seedlings has met 
with continuous failure. Planting under cover or under an usher 
growth is probably advisable. Chestnut is exacting, needing atmos- 
pheric as well as soil moisture. 

Tree Alder: It is usually planted as a transplant three to five 
years old. Yearlings are too small; seedlings two years old can 
be ball planted. Trimming allowed. Seeds planted broadcast on 
the beds, one-fourth inch of dirt on top. Sprinkling necessary. No 
protection against atmosphere needed. On swampy ground, fall 
planting of transplants is best. 

Birch: Seeds very poor; those of Black Birch mature in sum- 
mer. Seeds must be covered very slightly or, better perhaps, must 
be beaten with a shovel into the nursery soil after broadcasting. 
Formation of crust over seeds is best prevented by a cover of 
Pine branches. Under lath screens, stems are apt to damp off in 
June. Seedlings are planted either as two year olds, with or 
without balls, or as transplanted stumps three to five years old. 
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Birch is sensitive to deep planting; is not affected by heat, frost 
or drought. 

Ash: The easiest species among hardwoods to raise, plant and 

transplant. Planted as a seedling one year old or transplanted up 
to three times. Plants as old as eight years can be planted suc- 
cessfully without balls. Seed is placed in rills seven to twelve 
inches apart. Where soil is very weedy, large and strong trans- 
plants must be used. Planting in holes, on mounds or in furrows. 
The cleft spade is also permissible in planting yearlings. Trimming 
is not advisable, except to prevent formation of forks. Transplant- 
ing of germs, in June, is quite successful. 
’ Elm: Seeds to be planted in summer (excepting Slippery 
Elms), just after ripening, in rich nurseries, and to receive very 
light cover of sand. Seed beds must be sprinkled, and the forma- 
tion of a crust must be prevented. Seedlings cannot penetrate 
a layer of one-half an inch of dirt. Usually, transplants three to 
five years old are used. Fall planting is preferred. Elms stand 
trimming easily. 

Maple: Drills three-fourth inches deep, one inch wide, twelve 
inches apart. ‘Lransplanting takes place when seedlings are one 
or two years old. Seedlings grow rapidly. Fall planting is pre- 
ferable. Planting in large holes is best, since Maple can- 
not form a compact root system. Sugar Maple planted at 
Biltmore on abandoned fields four years old did very well on 
North Slopes, in pure stands as well as mixed with White Pine. 
Maple is easily transplanted, and even yearlings or two year olds 
might be planted in the open on good soil. In swamps, Red and 
Soft Maple are preferable. Sugar Maple requires well drained 
soil. 

Yellow Poplar: Very poor seeds, hence broadcast planting. Cov- 
ering with spent sawdust, instead of dirt, seems advisable. Seed- 
lings transplanted either as germs in first summer or when one 
year old. Very rapid growth in first and second year. Easily 
transplanted in holes on suitable soil. Seedlings can be taken in 
June and July from wood roads to the nurseries, with balls of 
dirt. Abandoned fields at Biltmore, planted with four year olds 
did poorly except in northern depressions. Strong soil needed. 
Compact soil not unfavorable. 

Catalpa: The favorite Kansas prairie tree. Very high germinat- 
ing percentage. Very fast growth in first year. Rills one inch 
by one inch by twelve inches. Seedling plants one year old are 
strong enough for planting. Stump plants are preferable. At 
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Biltmore the top shoot is often killed by frost; it should cer- 
tainly be cut off after planting. Catalpa requires wheat soil in 
order to form proper bole, and does not answer in a cold climate. 
Spring planting in holes or furrows. 

Walnuts: The planting of seedlings is only permissible where 
mice, squirrels and hogs are sure to get the nuts. Very long taps 
make planting difficult. Best soil needed. Small seedlings are 
choked out by weeds. Plants one to three years old to be used. 
Avoid pure plantations! Cover in the nurseries three inches—dis- 
tance apart four to ten inches. 

Hickory: To be treated like Walnut; during the first years, 
the stems remain very minute while a large tap-root forms. Voles 
follow along the rows of plants and cut off the roots. at a point 
about one inch below ground. Loose, porous soil is needed. 

Cherry: Planted in rills one-half inch deep and eight inches 
apart. Transplants two or three years old, transplanted when one 
year old are best for use in the open. Protection from rabbits 
peeling the stumps is required. Rapid growth in nurseries. Twig 
tips are usually killed by the first frost since the twigs grow 
during the whole summer and fall. Pruning required. Black Cherry 
does well on abandoned fields mixed with White Pine, Pine, Ash, 
Maple. 

Sassafras: Planting of seed in nurseries at Biltmore has been 
an entire failure. The seeds lived through the first summer but 
did not begin to sprout. Deep cover required, since cotyledons 
are kept underground. The removal of the flesh enwrapping the 
seed (by malting, etc.), seems required before planting. 


Paragraph XXXVI. Raising and planting softwood seedlings on 
open ground. 


Yellow Pines: Seeds are covered two-fifths to three-fifths inches 
deep. Nursery soil to be pressed thoroughly before and after seed 
planting. Planting of yearlings (from 5,000 to 40,000 per acre) 
forms the rule. The roots of such yearlings are tén inches long. 
On sandy soil, cleft planting is universal (with planting dagger). 
On binding soil, ball plants one or two years old are best. 

Recently some foresters began to use transplants two years 
old which more readily overcome the infantile diseases. No mound 
nor bunch planting. On very sandy soil Yellow Pines are planted 
deeper (up to first needles) than they stood in the nursery. A 
plantation ten years old should densly cover the ground. . 
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Jack Pine (Pinus divaricata) does very well on the poorest 
sand. It is, however, handicapped by deer; very rapid growth. 
Pinus rigida crawls on the ground during the first and second year, 
putting up a strong stem thereafter. Pinus sylvestris (Scotch Pine) 
is the cheapest that can be planted and the most successful species 
at Axton. At Biltmore it does exceedingly well on dry south slopes. 

White Pine: Quite different from Yellow Pine is the ease with 
which it is transplanted. Seedlings one year old are very small 
and apt to suffer from leaves smothering them. Seedlings two years 
old have been planted at Biltmore on abandoned fields (in holes) 
very successfully. Transplants three and four years old are usually 
used. Owing to its greater shade bearing qualities White Pine may 
be used also for temporary underplanting. Seedlings suffer badly 
from fungi. White Pine is subject to damage from too-deep plant- 
ing. At Axton, the best and strongest individuals form a second 
summer shoot, the buds of which are killed by early frost, so that 
no top shoot grows in the ensuing year. At Biltmore, the second 
shoot seems to be safe from frost. 

Relative to other White Pines (flexilis, monticola, albicaulis, 
lambertiana, aristata) no information is available. 

Spruce: Nursery rills one inch wide, five inches apart. Trans- 
planting distance usually four by six inches. Slow growth at 
first. Smallest size that may be used are seedlings two years old. 
Ball planting best, bunch planting frequent in mountains. Trans- 
plants three to five years old are preferable. Plant in holes, never 
in clefts. Very sensitive to deep planting. Spring planting forms 
the rule except in high mountains. High atmospheric moisture is 
a prerequisite for Spruce. Do not trim. Number of plants per 
acre from 1,500 transplants to 10,000 seedlings. Picea excelsa 
might replace P. rubens (the former being cheaper), if the resist - 
ance to snow-breaks shown by rubens were equalled by excelsa. 
Plantations twelve years old should fully cover the ground. 

Firs: Seed should be planted in fall. Rills close, say four 
inches; cover, one-half inch. Early growth very slow; lath screens 
very essential, owing to sensitiveness of youngsters to heat and 
cold. Transplants five years old are best. Planting on open ground 
is dangerous; underplanting is very advisable. Species most planted 
are Abies pectinata, balsamea, concolor. 

Larch or Tamarack: The Western, European and Japanese 
Larch are scattering ‘species, doing badly in pure stands. Growth 
in early youth is rapid. Seedlings two years old and transplants 
three years old are preferred for forest planting. The distance of 
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the rills, and the transplanting distance must be comparatively 
wide. 

Seedlings might be cleft planted; but hole planting forms the 
rule. Fall planting necessary. Larch permits of heavy trimming. 
Mulch seeds for one week before planting. European Larch does 
well at Biltmore and in the Adirondacks. 

Hemlock: Grows very slowly in youth. Seedbeds require heavy 
sheltering (under cloth screens). Transplant the two year olds, and 
plant the five year olds under cover in the woods. 

Douglas Fir: Seeds are still expensive; hence transplants four 
years old are usual, though seedlings two years, old are certain of 
success. Hot-house treatment of seeds secures early and simultane- 
ous sprouting. Plant seedlings in open ground, not under cover. 
Plantations made near London, England, lose the long top shoots 
by sea winds; at Axton, they suffer from frost; at Biltmore, the 
growth is strikingly poor, possibly due to the deficiency in atmos- 
pheric humidity. Plants 14 years old are hardly chest high; plants 
11 years old only knee high. In all cases the Washington variety is 
used. Varietas glauca, of Colorado, forms one summer shoot only, 
grows slowly, and is said to be more hardy. 

Red Cedar: Juniperus virginiana: Seeds lie always dormant for. 
one summer. Seedlings two years old are ready for planting. High 
lath screens in nurseries advisable (Green). Very slow growth. 
Shade bearing. 

Lawson’s Cypress: Stands intense shade, resists frosts, suffers 
from fungi; is well adapted to underplanting. 

Paragraph XXXVII. Results of planting experiments with American 
hardwoods. 

For many years, the governmental forestry bureaus of the Ger- 
man Empire have been examining into the merits of some leading 
American tree species. 

Locust and White Pine have been planted so extensively that 
they are considered to be “naturalized forest citizens.” 

In a number of instances, the European views fail to tally with 
the results of American investigations made with reference to the 
sylvics of our leading species. 

A. Fraxinus americana: requirements as in excelsa; stands in- 
undation better—even long ones! 

Germination in first spring; no overlying. 

Plant seeds in fall, or else in early spring after three days soak- 
ing. One year old, one foot high. 
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Use transplants two or three years ld. 

Root is a tap-root with many side roots. 

Mayr does not advocate its propagation anywhere in Germany. 

B. Catalpa speciosa: suffers badly from short summers, often 
freezing down to ground. Hence frequently spreading growth. 

Seeds of high germinating percentage. 

Use either seedlings or transplants two years old. 

Light demanding, but fond of side shade. 

Mice peel at point of differentiation; all game are fond of 
Catalpa. 

C. Juglans nigra: mild, fresh soil required, and long warm 
summers, ; 

When one year old, strong tap-roots over one foot long; root 
fibres at end of tap-root tip. 

When two years old, the tap-root is over two and one-quarter 
feet long. 

Height growth: 5 years old, 5 feet. 

10 years old, 13 feet. 
20 years old, 35 feet. 

Decidely light demanding; fond of side shade in early youth. 

Yellow Pine shelter wood is very good: More shade prevents 
lignification. In close stands, it is free from branches. 

Nuts sprouting late (being dried out) cause shoots to be killed 
by early frost: Hence pregermination advisable. 

Frost hard in sapling stage. 

No game or mice enemies. 

Plant nuts or yearlings on well-plowed ground, and cultivate. 
Plant close together, so as to avoid branchiness. Prune lignified 
branches only, owing to heavy pith column. 

D. Prunus serotina: Modest, provided soil is moist. 

Light demanding, but does well under slight Pine cover. 

Roots many tapped, strong. 

Height growth better than that of any European hardwood, 
save Ash. 

5 years old, 6 feet high. 

10 years old, 13 feet high. 

15 years old, 22 feet high. 

Proof against all effects of frost!!! 

Rabbits cut and peel (also mice) young plants. 

Seed-beds: plant in fall, to avoid lying over, or else soak in 
water for three days previous to planting in spring. 
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Use transplants three years old; plant close, to avoid side 
branches. 

E. Acer saccharum: Fresh, sandy loam, or fresh sand; forming 
stool-shoots on dry soil, and no stem. 

Growth quick; light demanding; strong root system. 

Forms forks frequently 15 feet above ground. 

Height 35 feet, when 20 years old. 

Most frost hard of any Maple species. Game and rabbits despise 
it. 

Seeds mature in June, and can be planted at once, but are just as 
well preserved and planted in spring. 

Use seedlings two years old, or transplants, four years old. 

F. Acer negundo: Requires strong soil; does not do on dry soil. 
Growth very quick to start with—up to 6 feet in 2 years, in 20 
years 50 feet. , 

Development of low, branchy crown. 

Light demanding, frost proof. 

Use seedlings one year old. 

Damaged by game and rabbits. 

G. Acer saccharinum: Requires strong soil; not clay. 

Growth slower than in-other Maples, up to fifth year, 20 years 
old 35 feet high. 

Apt to form forks. 

Sensitive against frost and drought; requires shade; does best 
when used for underplanting. 

Use transplanted small saplings. 

Never plant on open ground!!! 

Mayr recommends it only for sugar orchards—not for timber 
production. 

H. Betula lenta: Avoids wet frost dells and poor dry soil; 
forms tap-root on sand and flat-root on clay. 

Height in 5 years 5 feet; in 20 years 36 feet. 

Growth bushy to start with, but soon straight, erect and free 
from branches. ; 

Decidedly light demanding, but fond of side shade. 

No more frost-proof than Beech. Late and early frost damages 
it, especially on wet clay. 

Game, rabbits and mice are very dangerous. 

Seed-bed should not be dug over.—Peel off the top cover of grass 
and weeds on humose sand; hoe the soil and then use roller. Plant 
broadcast, one pound for two square poles; cover by sifting one- 
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twenty-fifth inch of sand on the seeds and roll again with roller; 
keep Pine branches on the seed-bed until after germination, 

Use tall transplants for planting in the open, owing to animal 
dangers. 

Red Birch is said to do well planted with Pine on abandoned 
fields, further united with natural regeneration of Beech. 

I. Hicoria ovata: All Hickories require strong, deep, fresh soil. 
Not on clay. 

Pignut is satisfied with more sand. 

Mockernut is satisfied with more clay. 

Butternut requires water, more than the others, and stands in- 
undation. 

All Hickories require hot summers but stand severe winters; 
hence continental climate is preferable to sea climate. 

Tap-root of yearling one foot long; of two year old plant one 
and three-quarter feet; hence transplanting after two years very 
difficult. 

Height growth begins to set in from sixth year, and is good then, 

Age 5 years, average height 2.4 feet. 

Age 10 years, average height 7 feet. 

Age 15 years, average height 13 feet. 

Age 20 years, average height 20 feet. 

Buds open late but shoot is quickly made. 

Nuts germinate slowly; hence malting or better repeated sprink- 
ling with liquid manure advisable; many nuts lie over, even for two 
years. Nuts thoroughly dried lose germinating power. 

Malting or “ pregermination ” advisable. : 

In the ease of Hickory and Walnut, the following recipe for 
pregermination is given: @ 

“Make a ditch three feet deep and wide; put nuts in the 
ditch to a depth of one foot; fill ditch with water up to top of nuts; 
then add a slight cover of straw; then dirt; then horse manure. 

“Tn this ditch the nuts are kept until planting time, when the 
nuts will germinate a few weeks after planting (in May).” 

Plant seedlings one or two years old, or else nuts, on plowed 
ground. Cultivating advisable. 

Late frost is avoided by the late formation of shoots. Early 
frosts are bad, if seedlings did not have time to lignify owing to 
late germination. 

Avoid planting on open ground; shade is born readily for a 
number of years!! Straggling plantations often develop after 
natural or artificial reinforcing with other species. 
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Young plants suffer from mice. Damaged seedlings should be 
coppiced down. 

J. Hicoria minima: Height growth quicker to begin with than 
in Shagbark. 

At 20 years, however, Shagbark catches up. 

Wood much poorer than in Shagbark (more brittle). 

K. Hicoria glabra: Like Shagbark; more modest as to soil; 
more sensitive as to frost (?). 

L. Hicoria alba: More sensitive than Shagbark; same rate of 
growth; does well in the Westerwald, badly in river valleys. 


Paragraph XXXVIII. Results of planting experiments with American 
softwoods. ; 

A. Pinus divaricata: Very modest: Stands frost and drought 
and does not shed needles. 

Root system tap-rooted, many fibred. 

Height growth very rapid, several shoots per summer. Better 
than Scotch Pine. i 

2 years old, 8 inches high. 

5 years old, 5 feet high. 

8 years old, 10 feet high. 

Game and hares handicap it, still there is strong reproductive 
power. 

Seed one-half pound per square pole; seed has 60% germination; 
cones fertile from sixth year on. 

Use yearlings or transplants two to three years old for the. very 
poorest soil. 

B. Pinus ponderosa: Fails absolutely in Germany, probably 
owing to insufficient summer heat. 

C. Pinus rigida: Very modest; does well in salty swamps; 
suffers badly from snow-pressure. 

When 5 years old, 7 feet high. 

When 20 years old, 32 feet high. 

Growth is very rapid, but from 12 years on P. sylvestris catches 
up and then keeps ahead. 

Diameter growth better than in sylvestris, too. 

Strong reproductive power after insects, game, fire. 

Very light demanding. 

Cones seed-bearing from twelfth year on. 

More proof against late frost, more sensitive for early frost than 
sylvestris. : 

Less shedding of needles; more danger from game. 

Use yearlings, or transplants two years old. 
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D. Picea engelmanni: likes strong but not wet soil—it is winter 
frost hard; but suffers slightly from late frosts. 

Root system deep, many fibred; not flat. 

- Dislikes top shade. 

Yearling only one to two inches high; two years old four 
inches high; five years old one foot high. 

Height growth always slow, hence easily outgrown, and pure 
stands required. 

Use transplants, five years old. 

E. Picea parrayana: Very frost proof, more so than any other 
Spruce! 

Stands wet soil: not exacting. 

No top shade. 

Root system compact, fine fibred. 

Slow early growth, as in Engelmann’s Spruce. 

Plantations 10 years old average one and three-quarter feet 
only in height. 

Animal proof. 

F. Picea sitchensis: Requires moist soil and moist air. 

Heat requirements as in P. excelsa. 

Soil requirements less than in P. excelsa, growing both on sand 
and on clay. Not in stagnating moisture, but stands inundation well. 

Does well on seashore and on higher altitudes. 

Height growth at first very slow; from fifth year on better than 
in excelsa. : 

Short branches, slowly dropped; close stand required, fond of 
forking. 

No head: shade! Side shade welcome but not required. 

Frost and drought only dangerous during first and second year. 

Game does not bother it. 

Seed-beds of mild, rich soil to strengthen weak seedlings. 

Use strong transplants, five years old. 

G. Abies amabilis: Plants five years old are still very sensitive 
against direct insolation and subject to late frosts. 

Rate of growth as in A. pectinata. 

H. Abies concolor: Spring shoots formed late; resists frost 
and any other climatic attacks well! 

Not exacting as to soil, doing well on Scotch Pine soil of second 
quality, provided that it be fresh. 

Tap-root formed in second year. 

Height growth in early youth better than in any other Fir: 
plants eight years old have average height of three feet. - 
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On good soil even Spruce is outgrown by it. 

Wood light (spec. grav. 0.35) !! . 

Seedlings two years old are fit for planting. 

Sensitive against being planted too deep. 

Seed-bed treatment as in A. pectinata. 

I. Abies grandis: Treatment as in pectinata, which it exceeds in 
height growth. Soil requirements are the same. 

J. Abies nobilis: Frost firm in winter, even unprotected. Late 
spring shoots help it to escape late frosts. 

Stands dry soil; from fifth year on, more light demanding. 
Forms strong tap-root, and sometimes several branch whirls per 
annum. Plantation seven years old is three and one-half feer high. 

Plant seedlings two years old, or transplants four years old. 

K. Pseudotsuga taxifolia: Suitable to any climate, frost proof. 

Soil should not be poorer than third-class Pine soil; no dunes; 
no swamps. 

Root tap-root on loose soil, flat on shallow soil or binding soil, 
showing great adaptibility. 

Height growth marvelous! 

Age 5 years height 1.7 feet. 

Age 10 years height 12 feet. 

Age 15 years height 29 feet. 

Age 20 years height 45 feet. 

Age 23 years height 53 feet. 

Diameter,.23 years old, from three inches to ten inches, average 
seven inches; number of trees per acre 350. 

Close stand required to clear from branches. 

Light and heat demands as in Picea excelsa. 

Snow and sleet throw it over, or break top shoot, the latter loss 
- being quickly replaced by side shoot taking lead. 

Game is a very bad enemy. 

Use transplants three to four years old. 

L. Chamaecyparis lawsoniana: Does splendidly in Germany 
especially in the Eifel Mountains at 1,500 feet elevation. - 

Frost-proof; but sensitive in drought. 

Exacting like Beech, fond of limestone. 

Flat-rooted; suffers from snow. 

Shade bearing in early youth; fond of half shade later on; 
always fond of side shade. 

Slow in clearing itself from side branches; forms very close 
stands. 
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Very slow growth to start with; one year one inch high; two 
years four inches high; ten years eight inches high. 

Plant seed-beds broadcast. Cover completely. Use transplants 
four to five years old. Sensitive for too deep planting. 

Game are very bad; wood mice peel the stump, or cut the roots. 

Less sensitive in late frost because late sprouting; more so in 
winter frost. 

M. Juniperus virginiana: Avoid poor or wet soil. 

Seeds lie over, always; seedlings one to two years old are very 
small and tender. Side shade always liked. Suffering from weeds 
and grass. Red deer and Roe deer bite and beat it. 

Seeds kept in ditches over summer are planted in fall. 

Use yearlings and hole planting. 

N. Thuja plicata: Desires good, fresh soil. 

No swampiness! No dryness! 

Top shade or side shade is well liked; do not plant in open 
ground. 

Deep root system. 

Height growth slow to begin with, rapid from seventh year on: 

Age 1 year; height 1 inch. 

Age 5 years; height 41% feet. 

Age 10 years; height 8 feet. 

Age 15 years; height 15 feet. 

Age 20 years; height 23 feet. 

Slow cleaning of bole; very dense thickets required. 

Seed bearing from fifteenth year on. < 

Sensitive for frosts and drought during first years. 

Game does not attack it; mice destroy young seedlings. 

Seeds are planted broadcast; slightly covered with dirt; sheltered 
by lath screens. 

Strong seedlings three years old (not transplants) are used 
since the root system is comparatively small, whilst the stem system 
is comparatively large. 

O. Tsuga heterophylla: Requires strong soil; demands side 
‘shade, but hates top shade. Cannot stand open situations. 

Root is a strong tap-root. 

Height growth good from third year on. 

Top-shoot-tips are frequently killed by first frost, without any 
apparent permanent damage! 

Use seedlings three years old, raised by broadcast sowing. 

Shelter seed-beds well! Sensitive against deep planting. 

Mayr prefers heterophylla to canadensis for planting in Ger- 
many. 
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Paragraph XXXIX. Difficulties of natural seed regeneration. 


American foresters frequently make the statement that the axe 
ig the best sylvicultural tool inasmuch as its proper use secures a 
good regeneration free of charge. This statement is misleading. It 
is true that the density of the stand of the second growth obtain- 
able from natural regeneration is frequently better than that 
obtained from artificial planting. On the other hand, such a stand 
can only be obtained under favorable conditions and at a great in- 
crease of logging expenses. While the cash expense of natural re- 
seeding might be slight, the actual expense consisting in lessened 
receipts frequently exceeds the expense of artificial planting. In 
the primeval woods additional difficulties of seed regeneration lie in 
the following points: 

A. Overaged trees have poor seeds. 

B. Interference with the leaf canopy overhead at once invites 
danger from fire, increased by the debris on the ground, and by 
the impossibility of battling against fires in the underbrush. 

C. In the primeval forest, the age classes are usually mixed in 
an irregular manner; hence uniform measures for reproduction are 
out of the question. The forester cannot generalize; he must indi- 
vidualize—a very expensive procedure in the face of low stumpage 
values. 

D. The virgin forest usually contains a mixture of species; the 
best ones only are removable; the weeds and worthless species are 
left on the ground; and from this fact arise additional difficulties 
to propagate the most valuable kinds. To this must be added the 
difficulty of properly gauging light and shade according to the indi- 
vidualities of the species mixed. 

E. In America the lack of a permanent system of transporta- 
tion necessitates the operations to extend at one stroke over large 
areas, whilst natural seed regeneration requires the gradual removal 
of mother trees, in imitation of nature’s own way of proceeding, on 
small and restricted areas only. 

As a matter of fact, the lack of permanent means of transporta- 
tion in primeval woods is the most serious obstacle to regeneration 
from self-sown seed conscious of its aim and its effect. 

F. Natural seed regeneration requires cutting, according to the 
occurence of seed years and according to the development and re- 
quirements of young growth. Hence the axe must be independent 
from the fluctuations of market or mill requirements, an impossi- 
bility in the United States at the present time. 
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The term “natural seed regeneration” does not preclude arti- 
ficial help to increase the chances of regeneration. The term merely 
implies “seeding,” or scattering of seed, in the main unaided by man, 
Man, however, may carefully prepare the seed-bed, by plowing or 
hoeing or digging, or may carefully press the seeds naturally fallen 
into contact with the soil; and may protect the seed and the seed- 
lings, at great pains, against external dangers. 

Little help is given, where soil and stumpage are, and promise to 
yemain, of small value. : 

Under the reversed conditions, the expense incurred for natural 
regeneration often exceeds that required for artificial regeneration. 

In innumerable cases, natural and artificial regeneration are 
locally. and irregularly combined. ; 

It might be asserted, that the forest has secured its own re- 
generation through many millenia, and that it will continue to do 
so unaided by human activity. Why then, it might be asked, is it 
necessary or advisable to now offer costly assistance in order to 
secure natural reseeding of and in a lumbered tract of woodland? 

There cannot be any doubt that nature, barring bad conflagra- 
tions or heavy pasturage, will start and develop after lumbering 
some kind of a second growth of forest. As a matter of fact, it is 
usually at hand, previous to lumbering, in an embryonic or incom- 
plete state waiting for the chance to shoot ahead after the removal 
of the older trees. This ready nucleus, however, consists as a rule 
of inferior or worthless species; of specimens crippled by fire, by 
the fall (accidental or otherwise) of nearby trees, by the logger’s 
axe or foot, by teams and loads passing by, etc. In addition, many 
members of that nucleus will die when suddenly bereaved of the 
shelter (against drought, cold, hail, etc.), previously exercised by the 
old trees now removed. 

It must be remembered that w crop of weeds usually follows in 
the field after the harvest of valuable wheat; in the forest after the 
harvest of valuable timber. : 

Such “weeds” are unable to secure for the owner of the land 
a sufficient rate of interest on the value of the soil and an adequate 
reimbursement of the taxes due on the soil. 

Another moment worthy of attention lies in the poor chances 
which a grain of seed stands, in nature’s economy, to develop into 
a seedling, sapling, pole and tree. The probability is that only one 
grain of seed—out of millions of grains—produced by an individual 
tree during its lifetime succeeds in reaching tree size, replacing it 
progenitor on the forest floor. The ecologic incidents bringing about 
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this result are far from being clearly understood. Still, it must be 
the sylviculturist’s aim to provide for these incidents, if he desires 
to replace the old crop, removed at an unnatural rate of rapidity, at 
an equally fast rate by an offspring resulting from self-sown seed. 

If the forester were satisfied to merely remove nature’s mori- 
bunds, then he might get along with a purely natural regeneration, 
entirely unaided by human skill. 

As soon, however, as his axe creates in the forest an unnatural 
death rate, the forester is compelled to also secure, by intelligent 
means, a supernatural rate of birth. 

Human aid to natural regeneration should be denied where: 

a. The danger from forest fire is such as to render investments 
in second growth very unsafe. 

b. An outlay incurred for protection from fire is not apt to be 
refunded with interest by the value of the second growth. 

That much aid and that much money should be, in all other 
cases, spent for the purpose of regeneration as promises, in the 
owner’s mind and according to the forester’s forecast, the highest 
relative revenue on the investments made. 

“At Biltmore, 10% of the annual gross receipts are annually re- 
invested, to be applied to natural regeneration of the forest. 

Sylviculture and finance are continuously at loggerheads. From 
the business standpoint, however, that Sylviculture is certainly best 
which proves lastingly most remunerative. 

Where and as long as the prospective value of seedlings is 
small, only a small expense can be reasonably incurred on behalf of 
their propogation. : 

Again, seedlings are more endangered by fire than trees. Where, 
and as long as the danger from fire prevails in the forests of the 
United States, investments made for raising seedlings are so risky 
as to be inadvisable. t 


Paragraph XL. Age of trees fit for natural seed regeneration 
(Enesar). 

The age of perfect puberty depends on species, density of stand, 
quality of soil and climatic conditions. Generally speaking, it lies 
about the eightieth year of the trees. 

Birch, Alder, Larch and Yellow Pines may be seed-regenerated 
from their twenty-fifth to thirtieth year on; Oaks, Beeches and 
Firs from their sixtieth to eightieth year on. Trees of very old 
age, say over 200 years old, have poor seeds and often defy natural 
regeneration if occurring in pure, even-aged stands. 
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Paragraph XLI. Methods of natural seed regeneration (Enesar). 


A fixed method is applicable in the arts only where a fixed 
type of conditions exists. Fixed types rarely exist in primeval 
woods. Hence the impossibility, from a sylvicultural standpoint, 
to adopt any fixed European method of seed regeneration for direct 
application in American practice. A second growth, obviously, pre- 
sents a more fixed set of conditions (it certainly lacks everywhere 
the hypermature age classes) than a primeval growth; and, conse- 
quently, it allows of a more methodical treatment. In Biltmore 
Forest methodical treatment is, therefore, permissible; in Pisgah 
Forest it is not or not yet indicated. 

The types of seed regeneration might be considered: 

A, According to the relative position of old and new growth: 

I. The young growth develops underneath the old growth: 

a. Whilst the old casei is left intact (natural seed regenera- 
tion by advance growth), 

b. Whilst the old ae is gradually Teduced. (natural seed 
regeneration under shelter woods). 

Il. The young growth develops at the side of the old growth 
(natural seed regeneration from adjoining timber). 

B. According to the size of the units of regeneration, which 
may be: : 

I. Compartments, i. e., a cove, a slope, a top or a coherent 
part thereof, comprising from ten to one hundred acres. 

II. Strips, i. e., figures of a more or less rectangular form, in 
which the length is wa multiple of the breadth, the latter not 
exceeding 500 feet. 

Ill. Groups, i. e., aggregates of growth of a more or less cir- 
cular form, covering 0.1 to 3 acres. 

IV. Patches, i. e., areas covered by the crown of an individual 
tree, about one one-hundreths of an acre in-extent. 

The figures given are meant to illustrate, and are not meant to 
define (in this paragraph as well as in the following fifteen para- 
graphs). 

C. According to the degree in which the soil and the youngest 
seedlings are directly exposed to the sky: : 

I. Regeneration without exposure—by advance growth. 

II. Regeneration with short, slight, partial exposure—under 
shelterwood. 

Til. Regeneration with entire, heavy exposure—from adjoining 
timber. 

D. According to the timing of lumbering and of reseeding: 
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I. Lumbering precedes reseeding—natural seed regeneration on 
clearings, namely: 

a. On uniformly cleared compartments (cleared compartment 
type) ; 

b. On cleared strips (cleared strip type) ; 

ec. On cleared groups (cleared group type) ; 

d. On cleared selected patches (cleared selection type). 

II. Lumbering coincides with reseeding—natural seed regenera- 
tion under shelterwood, namely: 

a. On uniformly sheltered compartments (shelterwood compart- 
ment type); 

b. On sheltered strips (shelterwood strip type) ; 

ec. On sheltered groups (sheltered group type); 

d. On sheltered selected patches (shelterwood selection type). 

III. Lumbering follows reseeding—natural seed regeneration by 
advance growth, namely: 

a. With uniform advance growth all over a compartment (ad- 
vance growth compartment type) ; 

b. With advance growth in strips (advance growth strip type) ; 

ce. With advance growth in groups (advance growth group type) ; 

d. With advance growth in selected patches (advance growth 
selection type). 

E. According to the participation of ligneous weeds (bushes, 
seedlings, saplings, poles and trees of a negative value) in the 
regeneration: 

Totally successful seed regeneration; 

Groupwise successful seed regeneration; 

Patchwise successful seed regeneration; 

Individually successful seed regeneration; 

Unsuccessful seed regeneration. 

In America, it will be frequently advisable for the forester to 
merely work toward a. groupwise” or ‘“ patchwise” successful 
seed regeneration. 

F. According to the number and according to the distribution 
of standards left in the regeneration “area”: Natural seed regener- 
ation 

a. With standards systematically left all over the compart- 
ments; 

b. With standards left in strips; 

c. With standards left in groups; 

d. With isolated scattering standards. 

The “compartment” types had better be called “ uniform” 
types; the “selection” types had better be termed “ patch” types. 
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Still the terms “shelterwood compartment system” and “ghelter- 
wood selection system ”-having become standard terms of forestal 
terminology, it seems unwise to throw them aside. 

A number of “ pure types” may be, and usually are, combined 
into “bastard forms.” *Of course, only types more closely related 
allow of bastardizing. 

Bastard forms frequently found in the old country are: 

“Advance growth selection” and “ shelterwood group” type; 

“Advance growth group ” and “shelterwood compartment ” type; 

“Shelterwood group” and “shelterwood strip” type; 

“Cleared strip” and “advance growth strip” type; 

“Cleared group” and “shelterwood group” type; 

“Cleared selection” and “ shelterwood group” type. 

Modern forestry abroad begins to despise méthodical rules, 
gradually returning to nature with her irregularities. Pure, ab- 
stract types of seed regeneration are more and more discarded. 

The selection of a method or a combination of methods depends 
entirely upon the composition of the growing stock found; on lceat 
dangers; on local means of transportation; on value of stumpage 
and prospective value of seedlings. 

Where all age classes are mixed irregularly, individual selec- 
tion is, ceteris paribus, indicated. 

Where the age classes or the species appear in groups, the group 
method is or may be advisable. 

In woods simultaneously maturing, the uniform type may 
recommend itself. 

The following paragraphs are arranged to conform with the 
view point given under “D.” 


Paragraph XLII. Types in which lumbering precedes N. S. R. 

Where lumbering precedes regeneration, the area lumbered must 
be reseeded from the borders of adjoining woods. ,With increasing 
size of the area cleared of timber, the rapidity, the certainty and 
the quality of regeneration rapidly decrease. The fact that such 
regeneration is possible on a large scale, is readily proven by object 
lessons in the primeval woods (Long Leaf Pine; Bald Cypress; 
Lodgepole Pine; Douglass Fir) as well as in second-growth forests 
(White Pine in Lake States; Yellow Pine in the south; Spruce in 
the Karpathian Mountains). 

The chances for success depend on: 

A. The species, which must have light or winged seeds readily 
carried about by the wind (many Pines, Spruces, Larches, Cotton- 
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woods, Birches, Yellow Poplar), and which must not require, during 
their earliest stages of development, the presence of a shelterwood 
overhead. 

B. The coincidence of the compass direction in which the clear- 
ing lies from the adjoining woods, with tife direction of the wind 
preferably opening the cones and carrying the seed. 

C. The local danger from storm which might tear down, gradu- 
ally at least, the adjoining seed trees. - 

D. The condition of the cleared soil and its quality as a ready 
seed-bed, influenced by the presence of weeds; by the decomposi- 
tion of the humus; by the degree in which the mineral soil has been 
laid bare in the course of logging operations; by the grade of the 
slope. 

E. Fires favorable or unfavorable; pasture favorable or un- 
favorable to regeneration, as the case may be. 

F. The frequency of seed years, and the possibility of lumbering 
during a seed year. 

G. The size, the form and the environments of the area cut over. 

H. The possibility of preventing undesirable species (Gums, Black 
Jack Oak) and undesirable specimens, like low-branched weed trees 
and spreading “ wolves,” from occupying the area to be regenerated, 
and the possibility of regenerating all, a few, or only one species. 

According to the size of the clearing, we distinguish between: 

The cleared compartment type (large areas cleared) ; 

The cleared strip type (narrow belts cleared) ; 

The cleared group type (fair sized groups cleared away); 

The cleared selection type (small bunches of trees or merely 
single trees cut). 


Paragraph XLII. The cleared compartment type. 


A. The area bared at one stroke by lumbering comprises be- 
tween, say, tem and one hundred acres. If the width of the 
clearing is less than 500 feet, the “cleared strip” type is reached. 
If the acreage cleared is much in excess of 100 acres, the develop- 
ment of a second growth is very slow, very poor, very doubtful, 
so that the character of a sylvicultural type is lost. A number 
(say five) of seed years are required to restock the gvound. The 
bordering woods, from which reseeding is expected, must not offer 
an unprotected front to the prevailing storm direction. 

The regeneration obtained is, naturally, very heterogeneous and 
contains a great deal of misshapen advance growth as well as of 
weed growth. 
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Weeds trees left on the ground might be girdled if belonging 
to an undesirable species (Beech in Galizia). 

A few seed trees might be left scatteringly (if wind firm) in 
groups or in strips, preferably close to the roads, often consisting 
of doty specimens without any value. 

An usher growth of Cottonwoods, Birches, Sumac, Locust, Sassa- 
fras, etce., frequently precedes the second growth desired on the 
ground. 

Fires preceding the seeding, and immediately in the wake of 
logging, greatly enhance the success of Yellow Pines, Douglas Fir, 
etc. Yellow Poplar, on the other hand, is checked by the heavy 
growth of weeds following fires. Stock pasture is of advantage, 
where it presses the seeds into the soil, and where it checks the 
weeds. 

The clearing should comprise, if possible, only one side of a 
cove at a time or-the lower part of a slope or the bottom of a 
cove, so as to allow of greater ease in reseeding. 

B. Actual application: This type has been adopted,—not con- 
fessedly but actually—by the Austrian Government in dealing with 
the primeval woods of Galizia, consisting of Beech, Fir and Spruce. 

The Bureau of Forestry has tried to adopt it, in modified form, 
for the Minnesota National Forest Reserve and for the majority of 
its business-working plans (Sawyer and Austin; Weyerhiuser). 

Thousands of acres of abandoned farm land all over the Eastern 
States have been reforested in this manner, frequently against the 
owner’s will. 

C. Advantages: The cleared compartment type shows the fol- 
lowing advantages: 

I. Greatest ease in lumbering. 

II. Concentrated operations and concentrated supervision. 

III. Few permanent main links of transportation required. 

IV. Smallest deviation from the old-time manner of destruc- 
tive lumbering. 

V. Possibility of temporary use of the clearing for the pro- 
duction of field crops benefited by the fertilizing effect of the 
humus. 

VI. Ease of artificial reinforcing and possibility of soil prepara- 
‘tion by plowing and by firing; of covering the seeds by pasturage. 

D. Disadvantages: 

I. Applicability to few species only. 

Il. Danger of partial or complete failure, especially in clearings 
covering 100 or more acres, or in case of border trees unfavorably 
situated. 
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III. Danger from heavy fires where the soil and the humus is 
baked by the action of the sun, with heaps of debris left on the 
ground after wholesale logging. 

IV. Second growth consists largely ef wolves, and of spreading 
advance growth and of poles undesirably ramified. Expensive gird- 
ling or cutting of seed-bearing weed trees, belonging to a worthless 
species. i 

V. The running expenses for protection from fire and for taxes 
are, to a degree, independent from the quality of the young growth. 
They are relatively high, and hence absurdly unbearable, if that 
growth is poor, straggling and very slow to develop, all of which 
is apt to be the case in this type of seed regeneration. 

Thirty years after clearing, the average age of the young 
growth is not apt to exceed ten years. 

VI. Groups of advance growth are almost sure to be destroyed 
or to be crippled by logging and by sudden change of environments. 


Paragraph XLIV. The cleared strip type. 


A. The width of the cleared strip is from two to five times 
the length of the mother tree: When one belt is seeded suc- 
cessfully, another strip is cut into the timber alongside the first 
belt, and so on. 

Soil work is not required, provided the strip is cleared in a 
seed year. Usually the soil is torn up sufficiently by the removal 
of a large number of logs snaked or rolled or shot along the 
strip and over the strip to: the nearest road. 


One seed year is rarely enough to secure full regeneration of a_ 


strip. In the Alps, Pine regeneration takes from twelve to thirty 
years. On hardwood soil, the weeds are to be dreaded, preeminently 
so on fertile ground after fires. 

It is wise to leave a few wind-firm mother trees scattered 
over the strip, notably immature specimens of the most desirable 
species. Less desirable species on the nearby border might be 
girdled or removed by extending the removal of that species into 
the bordering forest. In addition, valuable hypermature trees might 
be withdrawn from the nearby forest. 

The cleared strip type does not require a permanent system of 
transportation of great intricacy, the strips themselves forming 
the main lines of transportation. The narrow edge of the strip 
merely is touched, on the valley side, by a road. According to 
the grade of the strip, sleighs, cables, chutes, donkey engines, es 
might be used to deliver the logs to the road. 
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At the beginning of operations, the first strip should be made 
in sheltered localities so as to allow the forest adjoining leewards 
to remain unharmed by storm. 

The strips proceed windwards gradually, the next being cleared 
when regeneration in: the preceding strip is fully secured. 

The danger from insects and fungi is small. The danger from 
fire, to begin with, is great, although not as great as in large 
clearings to which the wind and sun are freely admitted. Later on 
the even-aged character of the strip will help to cheek fires. 

Nothing prevents the owner from reinforcing the strip artificially 
if he thinks fit. Healthy groups of advance growth, formed by 
desirable species in the belt at the time of logging, might be 
carefully husbanded. Natural regeneration will set in as well at 
the side of the belt underneath the bordering mother trees. “Re- 
generation runs into the old woods.” This is a very desirable state 
of affairs allowing, in the next belts, regeneration to start in 
advance of cutting. (Bastardizing the cleared strip type with the 
advance growth strip type.) 

B. Actual application: This type of regeneration is locally used 
in the Tyrolian and Austrian Alps, for Spruce, Larch, Pine. The 
form of the strips need not be rectangular. It depends on maturity 
of growth, configuration of soil, danger from storm. The type 
seems well adapted to present American conditions, requiring, of 
course, local modifications or bastardations, governed by species and 
raarket. Its applicability, however, rests on the existence of some 
permanent chief arteries of transportation. 

At Biltmore, the type is applied, in modified form, for the 
reproduction of Yellow Poplar and Yellow Pine. 

C. Advantages of the cleared strip type: 

I. Applicability to many species, to many conditions and to 
many localities. 

II. Concentration of logging operations and of sylvicultural help 
possible. Cheap logging by donkey engines, chutes, snaking, etc. 

III. Many points of attack, at which the season’s cut might 
be obtained, are at the disposal of the forester, if he so desires. 
Hence great freedom of action. 

IV. Comparative safety of the old woods from storm; of the 
young growth from fire, drought, frost, insects, ete. 

D. Disadvantages of the cleared strip type: ; 

I. If the seeding of the strip is not effected soon after clear- 
ing, the soil is baked by the sun, weeds are started and the 
ecological conditions are affected in a manner barring the success 
of seed regeneration and necessitating artificial help. 
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II. Border trees are exposed to sun scald. 

III. Deer frequent the strips and spoil the young growth. 

IV. The soil of the strip—especially of the first strip in a 
series—is rarely “in heat,” certainly not over the entire strip, 
so that the seeds falling upon it have a poor chance of success. 
This is the case, preeminently, in the humid mountains where a 
heavy layer of raw humus covers the ground. A large number of 
years will often elapse, before the next adjoining strip can be 
taken in hand. 

V. The strips should be cut where the timber is most mature 
at the time,—and not in a succession merely dependent on the con- 
dition of the young growth and. on the necessity of proceeding 
against the prevailing storm direction. 


Paragraph XLV. The cleared group type. 


A. The groups cut comprise from 0.1 acre to three acres. The 
form is roundish, oval, square, ete., as the case may be, usually 
coinciding with a geological feature, f. i., a dell, a spwr, a spring- 
head. 

‘The incentive for group-cutting lies either in the simultaneous 
maturity of the trees stocking on it, or in the desire to obtain 
conditions particularly favorable to the reproduction of one of the 
species appearing in the old timber; or the group, previously stocked 
with an undesirable species, is to be seeded by a better kind. 

B. Actual application: This type has never played an important 
role in connection with natural seed regeneration. Sylviculturally 
il seems well adapted to Yellow Poplar, Long Leaf Pine, Lodge- 
pole Pine, White Pine, also to Hickory and Oak. 

Where the groups run in the shape of long tongues, parallel 
at regular intervals, they are termed “ coulisses.” The coulisses 
are usually meant for the regeneration of more light-demanding 
species; the “benches” separating the coulisses for the regenera- 
tion of more shade-bearing species. 

In Germany, the space formerly occupied by a cleared group 
is termed a “hole.” Where the groups, after reseeding, are gradu- 
ally enlarged, the cleared group-type is bastardized with the shel- 
terwood group type. 

C. Advantages: The soil of the group, thanks to a sufficient 
amount of side shade, retains its freshness and porosity. It is 
sheltered from severe winds and severe heat. Species too sensitive 
for reproduction in larger clearings or strips can be raised in 
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groups. Where the age classes appear in bunches, each bunch can 
be harvested at its proper age of maturity. No harm or little harm 
is done to young growth during the logging season. 

D. Disadvantages: 

I. Operations are scattering. 

IL. Intricate system of permanent roads required. 

III. Groups surrounded by tall timber frequently act as “ frost- 
holes” where young growth suffers badly from early frosts and 
late frosts in clear nights. | 

IV. Thin barked trees surrounding the group suffer from sun 
seald; flat-rooted trees suffer from storm. 


Paragraph XLVI. The cleared selection type. 


A. In this type, individual trees considered mature are selected 
for removal, either absolutely singly, or in very small patches 
formed by neighboring trees. 

The clearings made are so small that only shade-bearing species 
will regenerate thereon, unless the soil be particularly strong. 

The cut is so scattering, that the soil is not sufficiently “plowed ” 
by the loggers. Hence it will not act as a ready seed-bed. 

In mixed woods composed of many species, only the most 
valuable kind is usually withdrawn, and the small gaps made are 
occupied by shade-bearing and often less valuable species. 

Beneath hypermature trees, the soil has frequently hardened 
and defies any attempt of seedlings to establish themselves after 
logging. 

The cleared selection type is almost invariably bastardized with 
the shelterwood selection type and with the advance growth selec- 
tion type. 

B. Actual application: 

In the tropics, Teak, Mahogany, Ebony, etc., are cut by selec- 
tion, frequently regardless of the effect which logging will have 
on regeneration. 

In Europe, the type is found in the Fir forests owned by farm- 
ers; in parks; in protective forests at the headwaters of rivers; 
on very steep slopes dotted with Larch, in the Tyrol. 

In America, Yellow Poplar, Walnut, Cherry, White Oak, ete., 
are cut by way of individual selection,—but with no regard to 
reproduction. Also White Pine in the Spruce and Fir woods of the 
Adirondacks where it never succeeds, withdrawn alone, to reproduce 
its kind. 
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C. Advantages: 

I. The water-storing power of the soil is generally well pre- 
served under this type. 

II. The second growth is never endangered by snow or drought 
or frost or sleet; the old trees remaining do not suffer from storm 
or sun scald. 

III. Small wood lots may yield a steady annual supply of timber 
or wood under this type. 

IV. The type is well adapted to deer parks. 

D. Disadvantages: 

I. The operations are very scattering. Indeed, they cover con- 
tinuously the entire forest or a large percentage thereof. Diffi- 
culty of supervision. 

II. An intricate system of permanent roads is required, since 
the-axe returns every few years to the same compartment. If the 
intervals of years are long—say from ten to twenty years—the 
type is bastardized with the cleared group type or with the shelter- 
wood group type. 

III. The type as a means of regeneration, in its purity, is pos- 
sible only where’ ‘ 

a. The compartments contain a mixture of all age classes, 
with the hypermature classes not too badly prevailing; 

b. The species to be regenerated is an intense shade-bearer; 

c. The soil is strong enough to allow light-demanding seedlings 
a chance at surviving a long period of partial suppression. 

IV. The species removed—presumably the most valuable species 
—has reduced prospects of propagating itself, struggling against 
competing species, the number of its seed trees being relatively 
decreased. 

V. Small chance for reinforcing. 

VI. Impossibility of protection against fires under headway. 


Paragraph XLVII. Types in which lumbering coincides with N. S. R. 


In tnese types of natural seed regeneration—so-called shelter- 
wood types—lumbering and reseeding go hand in hand, both pro- 
gressing seriatim, slowly, cautiously. In the pure types, no tree is 
removed, unless the removal has a distinct bearing—or is expected 
to have it—on the production of a progeny or on its further develop- 
ment. Seedlings less than five years old usually stand within a 
few yards of their mothers. This distance is gradually increased— 
in the course of up to fifty years—until the youngsters do not 
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require any more, or rather despise, the benefit of the parents’ 
presence. 

Lumbering operations are carried on—in one and the same 
limited lot—during a number of years. 

Where the mother trees are very rapidly removed, after re- 
seeding, from the proximity of the youngsters, the pure shelter- 
wood types approach the types of cleared compartments, cleared 
strips, ete. 

Where the mother trees are very slowly removed, after reseed- 
ing, from the proximity of the youngsters, the pure shelterwood 
types apprcach, or bastardize with, the advance growth types. 

The chances for success depend on: 

A. Sylvicultural talents of the forester in charge and of his staff, 
also on the size of the ranges. 

B. Frequency of seed years and time allowed for thé entire 
operations. 

C. Shade-bearing character of youngsters and firmness of 
parents. 

D. Existence of a permanent system of transportation. 

E. Configuration. 

F. Danger from storm, sleet, fire, animals, etc., locally existing. 

G. Size of timber, value of timber, percentage of debris and 
waste. 

H. Marketability of all species or of a few, even of one species 
only. 

According to the manner in which the forester selects the nuclei 
for reseeding, we distinguish the following types: 

I. Uniform type, or pure shelterwood compartment type, where 
the nuclei are geometrically and regularly distributed over the en- 
tirety of a large area (say over twenty to two hundred acres), the 
nuclei of the entire area being kept, during the entire progress of 
regeneration, in or about in the same uniform stage of development. 

II. Shelterwood strip type, where the nuclei proceed, like ad- 
vancing skirmishers, in regular military order from the leeward 
side to the windward side of a compartment (cove, slope, etc.). The 
nuclei to the leeward are kept in a more advanced stage of growth 
than those to the windward. 

Ill. Shelterwood group type, where the nuclei are carefully 
selected, irrespective of geometrical arrangements, merely on the 
basis of the fitness of the individual spot to act as a seed-bed. The 
groups are gradually enlarged, increasing in circumference like waves 
caused by stones thrown in the water. 
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IV. Shelterwood selection type, where the most mature indi- 
viduals are everywhere and continuously selected for removal, indi- 
vidually or in small patches, with a view to simultaneous repro- 
duction of the species removed by seeds left on such patches. The 
patch does not form a nucleus to be enlarged; it is to be retained 
for a long time in its original size. 

Paragraph XLVIII. The shelterwood compartment type of natural 
seed regeneration. 


A. This type is characterized by the uniform manner, in which 
lumbering and regeneration proceed over large areas. 

This uniformity is possible only in somewhat even-aged tracts. 
Great difficulties are experienced in mixed forests, owing to the- 
difference of light requirements. 

The fixed conditions inviting the forester to adopt this type 
are of a rather rare character, almost absent from primeval woods. 
The educational value of this type, however, is unparalleled. 

B. Actual application: Shade bearers are better adapted to this 
type than light demanders. Beech is usually treated under this 
type; Maple and Ash frequently so; Oak largely in France, rarely 
in Germany; Fir and Spruce in parts of the Black Forest; Pine in 
the old country only rarely owing to its demands on light. 

This “military ” type was created by George L. Hartig, toward 
the end of the eighteenth century. It was considered the ideal 
type of regeneration up to about 1875. It is now far from being 
abandoned, maintaining its role as the most commonly used type 
of seed regeneration, although usually bastardized, in modern times, 
with the strip and the group type. 

C. Advantages: 

I. Thorough protection of the soil, of its productive -apacity 
and its porosity. 

Il. Small risk of utter failure. 

III. Large tracts taken in hand at one and the same time. 

IV. Methodical, military manner of proceeding which facili- 
tates instruction of the staff of rangers and proper execution of 
orders by the staff. 

V. Mother trees, standing above the young growth in isolated 
position, yield an extra-increment of high value (“light increment”). 

VI. Young growth is well protected against climatic adversities. 

D. Disadvantages: 

I. Difficulty of obtaining a desired mixture of species in the 
young growth. 
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II. Necessity for the entire number of old trees to reach 
maturity at or about at the same time. 

III. Even-aged forests are formed by this type which are 
badly endangered by insects, fungi, storm, snow, ete. 

IV. The young growth is badly damaged during the latter 
stages of logging operations, especially where. heavy logs (not 
wood) are obtained and where the road system is deficient; further 
on steep slopes. 

E. The uniform system, being particularly instructive, deserves 
a most detailed consideration, 

To the mother trees is allotted a three-fold task, viz.: 

To seed the “regeneration area.” 

To protect the young growth from atmospheric hardships and 
weeds. 

To prevent deterioration of the soil during the early stages 
of the second growth. , 

Three distinct stages of regeneration must be distinguished, viz.: 

I. The “preparatory stage,” initiated by a preparatory cutting. 

II. The “seeding stage,” initiated by a seeding cutting. 

III. she “final stage,” during which the final fellings take 
place. 

I. The preparatory stage: 

a. Purpose: The preparatory cutting intends: 

1. To prepare the soil underneath the mother trees for a seed- 
bed, by increasing the rate of disintegration of vegetable matter. 
The soil is best prepared at a time when no weeds, but a few 
shoous of sweet grasses appear here and there. The humus decom- 
poses at the quickest rate on limestone; at the slowest rate on 
sand and sandstone. 

2. Lo prepare the mother trees for regeneration by allowing 
them a larger crown space, thus inviting the development of seed 
buds; further by increasing their stability, so that they may resist 
the storms when placed in 4 more isolated position; 

3. To remove undesirable species, thus preventing them from 
propagating their kind. 

4. To reduce the volume of the growing stock so as to facili- 
tate the maintenance of a normal growing stock and so as to 
have less material to remove when the young growth appears 
on the regeneration area. 

b. Duration: The duration of the preparatory stage depends 
upon the species and the soil. Shade-bearing species found in dense 
stands need a longer period of preparation than the light-demanding 
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species. On soil rich with lime and in the lowlands, the prepara- 
tory stage is much shorter than on sandstone and in the highlands. 

c. Area: The area (in per cent. of the entire forest area) to be 
prepared depends upon the necessities of the market and of the 
mill (equal annual yield), on the prospects of a seed year,.on the 
frequency of seed years, and on the urgency of other fellings. 

d. Trees: The preparatory cutting should remove all sickly 
trees and all undesirable species. Further, those which have the 
crowns low down to the ground, wluch will shade the young growth 
later on and which now lessen the rate of disintegration of vege- 
table matter. No dominant trees should be taken out. Near the 
edge of the compartment it is wise to keep the leaf canopy as close 
as possible, so as to prevent the influence of drying winds. 

e. Marking: The forester himself should mark every tree to be 
taken out during the preparatory stage. When the wood cutters 
are not reliable, it is necessary to mark the stumps of the trees 
as well. 

f. Lumbering: Where it pays to dig out the tree by the roots, 
it is well to do so, because a better seed-bed is the result. Care 
should be taken that only trees marked are felled, and that those 
left are not damaged. There is no need to move the firewood and 
timber out to the roads, if the regeneration area otherwise allows 
of snaking, wagoning, etc. 

g. Pasture: Cattle should not be admitted any more for pas- 
turage during the preparatory stage. Pannage of hogs will be of 
good advantage. Mice and insects are eaten by them. Hogs break 
up the net work of roots, leaves and moss forming the soil cover 
and hindering germinating seeds from catching root. 

II. The seeding stage. 

a, Time: The best time for “seeding cutting” is a seed year. 
_ The forester should be able to tell from the looks of the buds 
whether a seed year is at hand. The frequency of seea years de- 
pends on the species and on the locality. 

If there is no prospect for seeds, the seeding cutting should 
be postponed, and if a sustained yield is desired, it should be made 
up by preparatory cuttings, final cuttings and thinnings. 

b. The area over which the seeding cutting should extend depends 
on the area prepared for regeneration, on the length of the period 
of regeneration, on the periodical occurrence of seed years, on the 
requirements for a sustained yield and on the available market. 

The scarcer the seed years, the larger is the area placed in the 
seeding stage when a mast year arrives. 
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The longer the period during which the seedlings require shelter, 
the larger is the area to be taken in hand at a seeding cutting. 

ce. Trees: It is wise to take the biggest trees first, as their re- 
moval at uw later date will result in great damage to the young 
growth. 

If the forester is sure to be able to remove some more trees 
after the lapse of one or two years, a light seeding cutting is usually 
best. 

During the first two years of their lives the young seedlings 
stand a great deal of shade, even those of light-demanding species, 
on fair “soil. 

The degree of light which should fall on the ground after a 
seeding cutting, depends on species, height of trees, form of trees 
and locality. 

In the case of tender and slow-growing species, the cover should 
be close. In the case of tall trees, slight interruptions of the leaf 
canopy is sufficient. 

On good soil, where weeds are to be dreaded, the cover should 
be denser tnan under the reversed conditions. On a southern ex- 
posure, the cover should be dense. Fir, Beech and Spruce require 
a close stand of the mother trees on strong soil and at high elevations. 

Oak and Pine on alluvial sand of average quality should be 
tapped heavily. ; 

d. The proportion of trees 1eft and trees cut might be gauged by: 

1. The distance or space between the crowns. It is very diffi- 
cult to give any data as to the best distance of the crowns. The 
form of the crowns is so irregular that it is impossible to ascertain 
the best average distance. 

2. The number of stems which gives a good idea of the cover 
overhead where yield tables are at hand, if the age and the locality 
are known. 

3. The sectional area of the stems cut and of the stems re- 
maining. 

4. The volume cut and the volume remaining. 

e. Preparation of soil: Shade-hearing species maintaining the 
porosity of the soil better than light-demanding species often allow 
the forester to get along without any preparation of the soil. Under 
light-demanding species, on the other hand, the hardening of the 
soil at the time of seed cutting often necessitates the preparation of 
fhe ground so that it may serve as a seed-bed. This preparation 
may consist of: 

1. Removal of leaves, weeds or moss. 
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2. Working the ground by pasturing hogs. 

3. Wounding the soil in open spaces, with a hoe. 

4, Breaking the soil with a strong plow. 

f. Lumbering. All cutting should be done as soon as possible 
after the seeds have dropped so as to bring them into contact with the 
ground at once. The wood or timber cut should be dragged to the 
roads previous to the germination ot the seeds. The heavier the 
seed’ cutting is, the larger will be the percentage of seeds finding 
germination. Most of the seeds are imbedded by the steps of the 
woodsmen. 

Advance growth should be removed wherever it appears singly. 
Care must be taken that remaining mother trees are not damaged 
by lumbering. . , 

g. Covering the seeds: The covering of the seeds is invariably 
left to nature or to hazard. It might be advisable, however, to se- 
cure a covering artificially with the help of a rake, or by plowing, 
after the seeds have dropped, or by pressing heavy seeds (nuts, 
acorns) into the ground with a blunt stick. 

h. Fire: After the seeds have dropped, the utmost care must 
be taken to prevent fire from running through the forest. <A fire 
previous to the dropping of the seed may be advantageous, especially 
in the case of Yellow Pines. After the seeding, however, it should 
be prevented. 

III. The Final stage. 

‘The removal of the seed trees left takes place during the final stage. 

a. Purpose: py the gradual removal of the mother trees, the 
young forest is gradually lead into a life under changed conditions, 
until it is ready to enjoy the full influence of sunshine, air and rain. 

b. Number of cuttings: The more gradual the removal, tne 
less damage results for the young growth from the logging opera- 
tions and from changed environments. On the other hand, it is 
cheapest and best, from the logger’s standpoint, to remove the seed 
trees at one stroke. 

ce. Beginning: The beginning of the final fellings depends on the 
development of the young growth. In the case of poor soil, or lighv- 
demanding species and of northern climate, fellings should start in 
the fall following the seeung. 

In the case of shade-bearing species, strong soil and southern 
climate the second or third fall should be waited for. The drier 
the locality, the quicker must be the removal of the mother trees. 

d. Duration: The duration of the final stage depends on species, ° 
on quality of soil, on success of seeding cutting, on occurrence of 
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subsequent seed years and on climate. A tender, slow-growing and 
shade-bearing species allows of a protracted period of removal. 

A few trees left in isolated positions are apt to damage the 
young growth by the reflection of the sun’s rays from the bark; 
this is the case especially in species having a whitish bark (Beech, 
Maple, Birch, Silver Fir). 

e. Marking for final removal: Broad-leaved trees should be 
marked in summer whilst the trees and the young growth are in 
leaf. 

By the first final felling only small trees shall be removed, after 
Hess. From the second fall (after the seed cutting) on, the seedlings 
being stronger at that time, it is wise to take the largest trees. 

f. Season: The cutting of the mother trees should take place 
when snow covers the ground, so as to do the least possible damage 
to the young growth. Fellings must be discontinued during hard 
frost. Broad-leafed species should not be cut before leaves are 
drepped as they will do more damage to their progeny when felled 
in leaf. 

Hess is in favor of cutting in fall, claiming that the young 
growtn at that time is particularly tough and elastic. He does 
not atiribute much weight to the presence of snow unless it covers 
the young growth entirely. 

g. Stumps and roots: If the trees are dug out by the roots, 
the force with which they hit the ground is considerably lessened. 

In coniferous forests, many parasistic insects breed in stumps, 
and in that case it may be necessary to dig them out of the ground, 
or to poison them. 

Where the tree is entirely surrounded by young growth, digging 
should be prohibited. 

h. How to fell a tree: The tree to be cut should be thrown onto 
that place where it is likely to do the least damage—especially onto 
“blanks.” It is wise to throw the crowns of several trees onto the 
same spot so as to centralize the damage. On the other hand, many 
sylviculturists prefer to throw the crowns of the trees into the very 
thickest young growth, claiming that the damage thereby done is 
considerably less, and that many youngsters will be left undamaged. 

i. Standards: In many cases, a few trees are left standing for 
« second rotation. Such trees are called “standards.” Standards 
of Oak, Pine and Ash are frequently found. They should not be 
left unless they stand ciose to a road, or unless they are certain to 
outlast a second rotation. 
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j. Pruning of mother trees: Low branches which overshadow 
the young growth heavily should be cut. 

k. Transportation of wood: All wood and timber should be 
moved to the nearest roads as soon as possible after the trees are 
cut. Speedy removal is especially necessary in coniferous forests, 
the young growth having little reproductive power. A snow cover 
might be used to remove the wood on sleds; high-wheeled trucks 
will answer splendidly on level ground. The method of “ roping” 
used in the Black Forest also saves the young growth. All wood 
and timber must be removed from the regeneration area previous 
to the opening of the buds. 

1, Pasturage: There is no need to say that the young growth 
should be protected against pasture. 

m. Reinforcing: Blanks should be filled only when the mother 
trees have been entirely removed. The plants may be taken from 
dense places where the natural regeneration is complete or, better, 
from nurseries. 


Paragraph XLIX. The shelterwood strip type of natural seed regen- 
eration. 

A. This type bears the same ratio to the shelterwood com- 
partment type of regeneration which the cleared strip type bears 
to the cleared compartment type. 

In the shelterwood strip type, as in the cleared strip type, fell- 
ings and regeneration begin at the leeward side of a compartment 
(cove, slope) and proceed gradually against the direction of the 
prevailing storms. 

Heavy-seeded species as well as light-seeded species allow of 
the strip type. Distinct light demanders, however, defy it on the 
poorer grades of soil. 

The nuclei are laid out geometrically in the shape of strips cross- 
ing the prevailing wind-direction at right angles. The most leeward 
strip is in the final stage; the most windward strip is in the pre- 
paratory stage; the middle strip is in the seeding stage, provided 
that the conditions are normal. 

The breadth of a strip depends on species, frequency of seed 
years, configuration of ground and so on. At a breadth of over 
500 feet, the strip type bastardizes with the compartment type. 

More frequently, the shelterwood strip type is bastardized with 
the chelterwoou group type. 

Regeneration of a cove, slope, tract, ete., under the pure strip 


type, is exceedingly slow, unless there are at hand a number of 


114 


SYLVICULTURE 


“series of strips,” all triplets, consisting of a preparatory, 
and wu final strip. 

‘The first strips are usually made, as in the cleared strip type, 
in well-sheltered ravines or gullies; or at the windward edge of 
lakes, fields, young growth; or at the windward edge of storm-firm 
trees (Oaks), where there is a mixture of storm-firm species with 
species enaangered by storm. 

The form of the strips need not be exactly rectangular. In the 
mountains, the strips usually run up and down the slopes—not hori- 
zontal—so as to facilitate the transportation of timber and wood 
removed from the strip. 

B. Actual application: This type is frequently seen in the coni- 
ferous woods of the Eureopean moderately cold zone; also in Beech 
woods and Oax woods. 

Like the uniform type, the strip type is not exactly natural. 
For that reason, the primeval woods do not exhibit any illustra- 
tions of the strip type. 

C. Advantages: The advantages of the shelterwood strip type 
are identical with those of the shelterwood compartment type—ex- 
cepting advantage III. It is especially adapted to small pieces ot 
property, which could not yield steady returns under the uniform 
type. Greater security from storm is characteristic for the strip 
type. 

D. Disadvantages: 

I. Difficulty of obtaining a desired mixture of species in the 
young growth. 

II. Trees at the extreme windward edge of a cutting series 
obtain an extravagantly high age, whilst regeneration proceeds 
slowly and gradually against them. 

Ill. Tardiness of « complete regeneration of a whole compart- 
ment, slope or cove, where there are only a few points of first attack. 

IV. Operations are more scattering than in the shelterwood 
compartment type. 


a seeding 


Paragraph L. The shelterwood group type of natural seed regenera- 
tion. 


A. Characteristic features. 

I. Species: All species can be dealt with in a group system; 
those endangered by windfall, however, require a modification of 
the system, or small rotation, or a regular progress of the groups 
toward the storm danger. 
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IL Beginning: In the shelterwood system, the nuclei for groups 
are formed at a time, at which the soil begins to be, here and there, 
a ready recipient for seed. In the nucleus, two or three trees are 
cut, to begin with, and a few seedlings soon enter an appearance. 

UI. Continuation: The young growth gradually spreads out, 
more or 1ess peripherically, from the nucleus, appearing ‘at the feet 
of the nearest trees. These trees, in turn, are gradually removed, 
whilst the groups of seedlings continue to enlarge. Finally one 
group will flow into the other, and the regeneration will present 
a waving leaf canopy. The irregularity of the canopy depends on 
the rapidity with which the groups could be enlarged. 

IV. Means of transportation: The type obviously requires a 
finely meshed, permanent network of transportation. The axe re- 
turns to the group under formation periodically, say every three to 
ten years, during a period of regeneration comprising from fifteen to 
fifty years. 

V. Soil protection: The soil is continuously protected from in- 
tensive insolation, and is hence kept in continuous productiveness 
and water-storing capacity. 

VI. Dangers: Protection from fire is very difficult; protection 
from storm difficult, although easier than in the shelterwood com- 
partment type. Insects, fungi, and snowbreak are not to be dreaded 
much more than under the selection system. 

VII. Lumbering: Mother trees are always felled in a manner 
forcing them away from the group. Hypermature trees close to 
the group are extracted at the same time. Lumbering operations 
are necessarily scattered. Hence the logging expenses and the cost 
of supervision range very high. The removal (snaking) of the trees 
eut takes place through the benches of trees left between the groups 
so that the soil is stirred up continuously within the benches. 

The groups should be started, if possible, at the upper end of a 
slope so that the logs need not be snaked through young growth. 

VIII. Artificial help: To start regeneration of a nucleus, and 
to accelerate the enlargement of a group, mosses, weeds and litter 
on the ground may be removed previous to a seed year (bastardiz- 
ing with advance growth group type). 

The so-called “ hair-dressing” of groups, by which misshapen 
and branchy growth is cut back, and the wave-form of groups is 
maintained, may be seen in the Black Forest. 

B. Actual application: The shelterwood group type appears to 
be a type of regeneration sometimes adopted by primeval nature 
in Beech, Maple, Fir and Pine woods. 
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As a sylvicultural type, the shelterwood group system has been 
fathered by Charles Gayer. 

It is the most modern type of German n. s. r., applied especially 
in the natural seed regeneration of Spruce and Beech. 

C. Advantages: 

I. The type grants the forester the utmost liberty of action, 
by offering him a large number of points at which to start and at 
which to continue his logging operations. 

II. In mixed forests, the system allows of fostering the most 
valuable species and of checking the less desirable species or the 
weed species. 

Ill. The type does not take any sylvicultural chances. 

IV. The young growth is well protected against the usual atmos- 
- pheric dangers. 

V. The good qualities of the soil are carefully husbanded. 

D. Disadvantages: 

I. The type makes unusual demands on the personal and local 
attention of the manager as well as of the staff, necessitating small 
ranges and high administrative expenses. 

II. Mother trees at the leeward side of an enlarged group are 
subject to dangers from storm; on the northeast side of a group 
subject to dangers from sun scald. 

III. A large outlay is incurred for logging the trees owing to 
the scattering character. of the operations and owing to the care 
required in felling and transportation, for the benefit of both young 
and old growth. 

IV. In the case of very large trees, covering by their crowns 
as much as 500 to 1,000 square feet, the removal of an individual 
tears too big a hole into the forest and enlarges the group too 
rapidly at a stroke. F 

V. The type does not allow of the removal of hypermature trees 
with proper expedition. They are removed only when the waves of 
the group begin to touch their feet. 

VI. The soil in the proximity of white barked trees bordering 
a group is scorched by reflected sun rays. 


Paragraph LI. The shelterwood selection type of natural seed regen- 
eration. 


This type scarcely exists in « pure form. Where it exists, it 
is invariably bastardized with the cleared selection or the advance 
growth selection type of natural seed regeneration. 

The pure type would imply the immediate development (or 
rather the simultaneous development) of a seeding growth in the very 

117 


SYLVICULTURE 


year (a seed year) in which the individual trees—very irregularly, 
very scatteringly, on the basis of their relative maturity—are selected 
for removal. 

Where the removal leaves a blank, we meet the cleared selection 
type. 

Where the removal allows an advance growth already at hand 
to fill the gap, there we meet the advance growth selection type. 

The premises for the shelterwood selection type are identical 
with those for the cleared selection type and for the advance growth 
selection type. 


Paragraph LII. Types in which lumbering follows after n. s. r. 


In these types of natural seed regeneration—so-called advance 
growth types—no tree is removed unless its foot be already sur- 
rounded by a young progeny of desirable character which has pre- 
viously developed beneath the parent’s or step-parent’s leaf canopy. 

The case of exceedingly fertile soil and the case of step-parents 
having a light leaf canopy excepted, absolute shade bearers only can 
be propagated by this type. So f. i., Hemlock, Fir, Beech, Maple, 
Lawson’s Cypress, Western Red Cedar. 

In the Lake States, White Pine is found as a regeneration 
formed in advance beneath mature Norway Pines acting as step- 
parents (advance growth group type). 

In the Adirondacks, Spruce regenerates similarly underneath 
mature Cottonwoods acting as step-parents or, on very fertile soil, 
selectionwise beneath Beech, Maple and Birch. 

Striking it is that species not absolutely shade enduring are, 
in many a case, loth to be regenerated, as an advance growth, at 
the feet of their actual parents, whilst willing to be suppressed ke- 
neath step-parents of apparently similar density of foilage (Yellow 
Poplar at Biltmore underneath Oak or Short-leaf Pine; Spruce 
underneath Cottonwoods). 

Species regenerating under their own kin resemble altricial (nidi- 
cole) birds; species avoiding parental superstructure might be likened 
to precocial (nidifugal) birds. 

The chances for successful regeneration in these types seem ex- 
‘cellent. Still, the following points must not be lost sight of: 

I. Advance growth badly suppressed for a long time is fre- 
quently so badly crippled that it fails to recover within a reasonable 
number of years, 

II. The advance growth is badly smashed by and during the fell- 
ing operations, unless the mother trees are pruned and lopped before 
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felling, and unless the timber obtained is carried out either by hand, 
or on high wheel trucks, or on a heavy cover of snow protecting 
the advance growth. Under any circumstances, fellings during the 
perioa of vegetation must be avoided. 

III. Advance growth suddenly exposed to the full influence of 
sun, rain, snow, sleet, etc., is apt to suffer in case of sensitive species. 

IV. A minute system of permanent roads is required, the ad- 
vance growth’ usually appearing in groups or patches. 

V. If the pure types of advance growth n. s. r. were strictly 
adhered to, « regulation of the annual cut according to the conditions 
of the market would be difficult to obtain. Hypermature trees 
would have to be left everywhere—merely because young growth 
if often slow to form on their feet. 

In such cases, artificial preparation of a seed-bed (f. 1, by un- 
covering the mineral soil) seems absolutely required, so as to ex- 
pedite the formation of advance growth. 

If the leaf canopy overhead is opened at the same time by fell- 
ing operations, the types bastardize with the shelterwood types of 
u. 8S. Tr. 

According to the extent of the area covered by an advance 
growth of suitable character we distinguish between: 

a. Advance growth compartment type of n. s. r., the areas uni- 
formly covered by advance growth measuring from twenty to one 
hundred acres (rare). 

b. Advance growth strip type of n. s. r., the areas uniformly 
covered by advance growth appearing as strips measuring up ‘to 
500 feet in breadth (very rare). 

c. Advance growth group type of n. s. r., the groups covered by 
advance growth having an extent of from one-tenth to three acres 
(frequent) . 

d. Advance growth selection type of n. s. r., the young seedlings 
and saplings appearing in scattered. and small patches (very com- 
mon). 

Under “advance growth” is understood an aggregate (small or 
large) of seedlings or saplings belonging to a desirable species and 
formed without any human intention or attention, solely by nature, 
beneath a totally or partially untouched leaf canopy overhead. 

Spreading advance growth appearing in punches or groups can 
be doctored up with axe and brushhook and machetes, by an appli- 
cation of “ hairdressing.” 

” Where the advance growth is not freed, by one single operation, 
from the superstructure of parents and step-parents overhead, the 
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advance growth types are further bastardized with shelterwood 
types. 


Paragraph LIII. The advance growth compartment type of natural 
seed regeneration. 


A. The type is applicable only where large areas exhibit on 
strong soil a uniform advance growth, consisting of seedlings, of 
saplings and possibly of small poles. 

Previous to lumbering, the leaf canopy consists of two tiers: 
an upper tier formed by the parents (or step-parents) and a lower 
tier formed by the advance growth. Lumbering removes the upper 
tier entirely and leaves the lower tier intact—if possible. 

In the safety of the lower tier lies the great difficulty of the 
system, especially on rough ground, in handling heavy logs of the 
superstructure, in dealing with cheap stumpage, in cutting soft 
woods characterized by small healing power and in the absence of 
an intricate system of transportation. 

Where the upper story of trees consists of say 10,000 feet b. m. 
per acre, or of more, the ground is literally littered with logs or 
boles during the logging operations, and the advance growth has but 
a slight chance to survive the death of its progenitors. 

B. Actual application: The type is found, in rare cases, abroad 
under the misnomer of a moditied “selection system,” where and 
when the logger returns for a wholesale removal of mature trees, 
at intervals of about twenty years, to the same compartments. 

Lhe type is also practical where prolific seed years produce, 
in mild sites and on strong soil, a uniform advance growth in even- 
aged Beech or Firwoods, without any previous human interference 
with the leaf canopy overhead (so-called regeneration from a com- 
plete-growing stock). 

In the Unie. States, compact advance growth is rarely found— 
possibly so in the case of Tsuga heterophylla. ‘Che destruction of 
the superstructure, however, usually followed by fires, tends to anni- 
hilate every vestige of advance growth. 

C. Advantages: 

Where the system can be carried through, it offers the following 
advantages: 

I. Concentrated logging. 

II. Well-preserved productiveness of the soil. 

III. Soil never idling, but producing without any delay. 
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D. Disadvantages: 


I. The type is applicable only to intense shade bearers; and 
these shade bearers are very apt to sutfer from sudden changes of 
environments. 

II. The logging expenses are very badly increased in the attempt 
to save the advance growth from destruction. 

. II. Under any circumstances, the rapid removal of mother trees 
inflicts scars upon the young growth aph to serve as entrance gates 
for fungi and insects. 


Paragraph LIV. The advance growth strip type of natural seed re- 
generation. 

A. Advance growth, being a chance product, is rarely found in 
symmetrical, long-drawn strips. Where the cleared strip-type is in- 
troduced, however, a strip of advance growth is often and easily 
started underneath the border trees joining the cleared strip to the 
windward. In that case, the advance growth strip-type is bastardized 
with the cleared strip type. 

B. Actual application: 

The type is found only in the bastard form just mentioned. 

C,. Advantages: 

I. No expense required for regeneration (unless weeds, leaves 
or moss are removed). 

II. Advance growth is readily saved, where the logs are removed 
through the adjoining woods. 

III. A road system touching the lower edge: of the strips is 
sufficient. 

IV. Soil is never laid bare. 

V. Little damage from rainfall. 

D. Disadvantages: 

1. Scattering operations. 

Il. Type is not applicable to light demanders. 

III. Hypermature trees must be left in the woods until the 
strips, after many years, may approach them. 

IV. Points of attack from which cutting may piteasd are apt 
to be lacking, unless the forester is able to maintain a very large 
number of narrow cutting series, helped by the configuration of 
the ground. 


Paragraph LV. The advance growth group type of natural seed re- 
generation. 
A. In nature, advance growth usually appears in small bunches 
or in groups, for the reason that there is always a chance for many 
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seedlings to sprout and develop on a spot where light, humidity and 
soil allow a single individual to make « start alone. In the primeval 
woods, groups of advance growth formed by shade-bearing species 
are almost invariably at hand. Even light demanders may form 
small groups of advance growth in spite of a superstructure over- 
head, provided tnat the soil is strong enough to support them. 

Such groups, freed from the trees superstructing them, will de- 
velop one or a number of saplings which in turn and in course of 
time may yield one or a few poles promising to grow into trees of 
a logzable size. 

Very frequently the groups are formed not under the leaf canopy 
of the parent species, but underneath another species acting as a 
step-parent. 

Indeed, step-parents of a rather selfish kind, inimical to the 
children, are frequently encountered in tree life, handicapping and 
killing the young progeny thirsting at their feet for light and rain. 

The endurance of advance growth living under adverse condi- 
tions is at times remarkably great. fir, Spruce, Beech and Maple 
may be met grown only six feet high when 60 years old, retarded by 
parental superstructure. 

The pure advance growth group type is frequently bastardized, 
in Europe, with the shelterwood group type when the forester 
uses existing groups of advance growth as nuclei to be gradually 
enlarged, instead of using spots as nuclei for group regeneration on 
which the soil chances to be in a conceptious condition. Further, 
when a shelterwood group is forming, advance growth groups are 
frequently started, under the influence of side light on seedlings 
and humus, at a goodly distance from the shelterwood group, under- 
neath an apparently heavy superstructure of mother trees. 

The advance growth group type pure and simple, however, 
merely implies the freeing of chance growth from a superstructure. 
It has nothing to do with the gradual enlargement of a group 
by ringwise cutting around the group. 3 

The “hairdressing” or groups of advance growth is some- 
times commendable. 

B. Actual Application: Systematically, this type is nowhere 
applied in its purity. Accidentally, however, the lumbermen of 
America happen to employ it in woods composed of Fir, Hemlock, 
Maple, Beech, ete. 

Primeval nature employs this type quite largely (f. i., in Chest- 
nut-oak woods at Biltmore). : 
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C. Advantages: The advantages of the type are identical with 
those given under C, I, Il and IV, in paragraph LIV. In addition, 
this type may often allow the forester to favor a desirable species 
of shade-bearing character. 

Under sylvicultural care, it renders regeneration an absolute 
certainty. The trees forming the superstructure frequently happen 
to be of a marketable size. The type does not require much sylvi- 
cultural understanding. 

D. Disadvantages: 

I. Border trees to the leeward of advance growth are subject 
to windfall and sun scald. 

II. Advance growth groups continue to be badly suppressed, 
along the edge of the group, by border trees. 

III. The logging operations are scattering, and an intricate 
system of permanent roads is required. 

IV. Only intense shade bearers can be properly managed under 
this type; light demanders found in mixture with shade bearers 
must gradually disappear from the mixture. The shade bearers will 
readily form groups of advance growth underneath light demanders; 
but not vice versa. 


Paragraph LVI. The advance growth selection type of natural seed 
regeneration. 


A. This type is usually bastardized with the cleared and with 
the shelterwood selection type. 

The selection by the forester of trees to be cut might be either 
by single trees or by very small bunches of trees underlaid with 
a carpet of advance growth covering about one one-hundredth acre 
of ground. 

The logging operations, as in all selection types, are exceed- 
ingly scattering; indeed, they ought to continuously extend, as a 
matter of theoretical principle, over the entire forest. 

Only shade bearers, notably Fir, Hemlock and Spruce, are well 
adapted to the type of advance growth selection. 

The type, like the cleared and the shelterwood selection type, 
renders the construction of an intricate network of roads neces- 
sary. Every tree, so to speak—not every strip or every compart- 
ment—must be continuously accessible. 

It might be necessary to prepare the soil, in scattered patches, 
‘where the layer of humus is too deep, and wnere the soil is so 
hardened or so covered with weeds as to prevent any chance of 
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Since the cuttings are comparatively light, the removal of the 
logs prepares the ground insufficiently for the conception of seed. 

Seedlings and saplings in advance growth stand under very 
heavy shade for many a year, usually in small bunches of a few 
dozen specimens. Misshapen seedlings and saplings, also those 
badly damaged during logging operations, should be cut, or cop- 
piced in the case of hardwoods. 

B. Actual application: 

Wherever the selection type is applied in Europe, it is pre- 
eminently applied in the shape of advance growth selection type; 
especially so in parks, in small farm wood lots and in protective 
forests. 

Usually, every compartment (cove, slope) contains a wild mix- 
ture of age classes of trees. The axe returns to a compartment 
in intervals of from one to ten years. 

The Beech, although an intense shade bearer, develops very 
branchy stems under such conditions (Beech forests in Buckingham- 
shire, England). 

In primeval nature, all or practically all scattering and sparse 
species are subjected to seed regeneration of the advance growth 
selection type. The accidental death of trees in the superstructure 
allows a patch of advance growth found underneath to develop. 

Instances: White Oak and Scarlet Oak at Biltmore; alsc Spruce 
on hardwood slopes in the Adirondacks. 

It is surprising to find that scattering species are regenerated 
by primeval nature'in a type which is considered by the sylvicul- 
turist only applicable to intense shade bearers. The explanation lies 
in nature’s long-lasting patience and in her failure to be dis- 
heartened when failing in innumerable attempts. 

C. Advantages: 

I. The type protects the soil, and hence the. waters, best of all. 

II. It protects the young growth from frost, drought, high 
“nds, insects, sleet and snow. 

Jil, 1t is particularly pleasing, from the esthetic standpcint 
by the unusually large variety of the pictures proffered. 

IV. Since every acre of ground continuously retains its leaf 
canopy, no sunshine, air and rain go to waste in young growth 
insufficiently covering areas laid bare. ‘At the same time, continu- 
ous retention of moisture in the soil allows of greater fertility; 
hence the quantity of wood fibre annually produced is greater in 
tne selection system than in any other. 

V. Small danger from winu:all amongst parent trees. 
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VI. Small danger from fire, since the humus is kept moist 
continuously. On the other hand, a fire once broken out is 
extremely hard to stop. 

D. Disadvantages: 

I. Logging operauions are very scattering, and hence expensive. 

The fall of individual, large trees amongst the multitude of 
their companions is very apt to inflict wounds upon them, througn 
which fungi and insects enter readily. (Cancerous Firs of the 
Black Forest.) : 

II. A minute network of permanent roads is required. 

Ill. The primeval woods, wherever they represent the selection 
type, show w preponderance of mature and hypermature age classes. 
Since the type does not allow of the removal of groups of trees at 
all, and of the removal of individuals only where they are under- 
laid by an advance growth, the owner of primeval woods adopting 
this type is forced to bring heavy sacrifices. 

lv. It is very difficult to regenerate light demanders by this 
type, where they stand mixed with shade bearers. 


Paragraph LVII. Regeneration of valuable species from self-sown 
seed (n. s. 1.) with, amongst and into companions of a 
weedy character. 


It is a well-known fact that only a few of the hundreds of 
seedlings raised (artificially or naturally) by the forester have a 
chance to develop into poles, standards and veterans. 

Dense thickets, consisting of many saplings, are merely re- 
quired to maintain the fertility of the soil and to prevent, by 
natural pruning, the young boles from growing into brushy and 
branchy specimens (“orchard trees”). 

For the purpose at stake it is immaterial, in a sense, whether 
the thickets consist of a “mecb” of shrubby weeds mixed with a 
few “aristocrats” hailing from valuable species, or whether the 
entire thicket consists of “aristocrats.” More than that; unless 
the aristocrat has a value already as a sapling or as a small pole, 
the “mob” frequently is more conducive to proper soil protection 
and to proper development of the “ aristocracy ” into large poles 
and standards tnan a purely aristocratic crowd. 

The danger, of course, prevails continuously lest the aristo- 
crats might be overtopped and killed by the mob. 

‘A. Wherever the mob consists of even-aged seedlings (not of 
stoolshoots) of shrubs, that danger is small, shrubs usually, exhibit- 
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ing a slow rate of height growth (Alder; Dogwood; Hazel; Witch- 
hazel; Rhododendron, etc.). 

Stoolshoots of shrubs, on the other hand, frequently grow so 
fast, so dense and so rank that they are sure to overpower an 
aristocracy of seedlings of even age. : 

If the mov promises to easily obtain the upper hand, then it 
is usually wise to delay regeneration until the shrubbage shows, at 
a much later year, signs of a declining growth (Calmia); or else 
to wait until the shrubs allow a deadening (Dogwood); or to fire 
the shrubbage in heavy seed years of the aristocratic parentage 
(Blackjack) ; or to lumber heavily if the shrubs are sensitive and 
if the aristocrats are hardy (Striped Maple). 

Certain weedy shrubs, f. i, Bamboo species, offer periodically a 
chance for subdual, viz., when death overtakes them gregariously 
during their own seed years. 

Other shrubs are eagerly eaten (or peeled) by sheep, goats 
or cattle, and might be brought to submission, in the winter fol- 
lowing the fruiting of the aristocrats, by heavy pasturage (Mohro- 
dendron for the benefit of Yellow Poplar). 

The purpose at stake, in American Sylviculture, for years to 
come cannot consist in homogeneous regeneration of aristocrats 
evenly covering the regeneration area; it can only consist in that 
form, quality and density of regeneration—usually a partially suc- 
cessful regeneration—which the forester considers financially most 
desirable (compare paragraph XLI E). 

The extirpation of shrubs by pickaxe and plow is usually im- 
possible, unless it can be combined with “taungya.” 

It is often sufficient for increased aristocratic regeneration to 
break or reduce the humus formed underneath the shrubbage. 

B. The battle against weed trees trying to propagate their kind 
in the forest is usually more difficult to win than that against 
shrubs since ..e progeny of weed trees does not stop to compete 
with aristocrats after the thicket stage. The forester must care- 
fully gauge the chances for a final victory—usually a partial vie- 
tory—of the aristocrats, footing on a knowledge of their relative 
height growth and their relative shade endurance. 

Weed trees might be prevented from successful seeding by: 

I. Deadening or stump peeling. 

II. Actual removal (unless resulting in rank stoolshoots). 

III. Sudden exposure of young progeny to draught or frost. 


IV. Maintenance of a dense humus, or of a dense leaf canopy. 
V. Pasturage. 
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VI. Stopping all logging operations during seed years of the 
weed-tree species. 


VII. Fire. 

Any of these remedies will answer on a regeneration area pro- 
vided that it inflicts greater damage on the weed trees than on 
the aristocrats, and that the success is fully commensurate to the 
expense. 

A careful choice of the type of regeneration (cleared, shelter- 
wood, and advance growth types in compartments, strips, groups 
or patches) is, however, the best weapon in the hands of the forester 
against mobbish usurpation. 

The time may come when the forester will avail himself of 
plagues of fungi, vertebrates and insects in the struggle against 
weed trees. 

Obviously, where the logger, followed by fires, removes every 
vestige of the aristocracy and every chance for its reproduction on 
aeteriorated soil, there the sylvan battle is lost for the forester 
before 1t is begun. 

Frequently in nature’s economy and ecology a crop of weed 
trees (Birches, Cottonwoods) intervenes between two generations of 
aristocrats. This “rotation of crops” resembles that of agricul- 
ture, and is hard to explain. Attempted explanations are: Exhaus- 
tion of soil in mineral matter required by the previous species. 
Presence of baccilli, bacteria, fungi, insects, etc., inimical to the 
previous species. : 


Paragraph LVIII. Pedagogy of the high forest. 


Forest pedagogy or forest tendance, the second part of the 
sylviculturists’ activity, is of little importance in America at the 
present time since there are no wood crops at hand which might 
be profitably tended. Forest protection, usually considered a branch 
of forestry, is merely a branch of forest tendance. 

The following operations are here treated under the heading 
forest tendance: 


oe rf Indirectly remunerative acts or investments. 


B. Weeding : 
C. Improvement cuttings ) Directly remunerative acts yielding 
D. Thinning { a surplus revenue. 

= Cae pianiins Indirectly remunerative acts or investments. 
E. Pruning 


The definitions of the terms “cleaning,” “ weeaing,” “improve- 
ment cutting” and “thinning” are so indistinct that it is often 
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difficult to differentiate them. Definitions might be based either 
on the age of the wood crop tended, or on the purpose aimed at, 
or on the financial side of the tending. 
* Cleaning and weeding are applied for the benefit of very young 

growth and usually require an investment. 

Pruning, thinning and improvement cutting are applied for the 
venefit of polewoods or thickets. 

Improvement cuttings and thinnings usually furnish a surplus. 
revenue whilst pruning succeeds only in rare cases to be directly 
remunerative. 


Paragraph LIX. Cleaning in high forest. 


Cleaning may occur during the seedling stage and the small 
sapling stage. It implies the removal of saplings forming a 
shrubby advance growth (wolves); or the removal of undesirable 
stoolshoots; or the removal of seedlings and saplings belonging to 
a less-desirable species competing for space in a young forest. In 
natural seed regenerations, cleaning 1s particularly desirable. In- 
stances: Removing poor coppice shoots which oppress by faster 
growth the valuable seedlings of Yellow Poplar. Removing Birch, 
Fire Cherry, Thorns and Briars in young plantations of White Pine, 
Yellow Pine and Spruce. Where a regeneration area of strong soil 
has been burned previous to planting, the competition of volunteer 
growth is frequently such as to make cleaning necessary. The for- 
ester should take care, however, not to extirpate species now of 
little value, but possibly of a fair future value. 

In mixed regeneration, cleaning offers a good means to regulate 
the proportion of species admixed. | The expense incurred for cleaning 
must be commensurate to the financial effect of the operation. In- 
struments used are axe and brush hook; also long-handled clean- 
ing shears. 


Paragraph LX. Weeding in high forest. 


A plant, either herbaceous or ligneous, which has a negative 
value is a “weed.” “It might be a cripple of an otherwise very 
valuable species (fire crippled Chestnut in Pisgah Forest), or it might 
belong to a species having no commercial value (Rhododendron, 
Witch-hazel, Black Gum, Halesia, Chinqtapin). 

Weeding implies the removal of large saplings, poles and trees 
having the character of weeds. Weeding may take place before 
regeneration, or after regeneration has been started. It may act 
incidentally as a preparatory cutting, a seeding cutting or a final 
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ramoval. It pays only as an investment since the stuff removed has 
a negative value. 

The purpose of weeding might be the extirpation of sup- 
pressors of young growth; or an exchange of unhealthy crooked, 
ure-scalded, flat-headed poles for new, vigorous stump sprouts 
(Spanish and White Oak at Biltmore). 

The term “weeding” is not found in books on Sylviculture; it 
forms, however, under present conditions often one of the most 
important and most remunerative sylvicultural acts. 

Weeds are either girdled (deadened) or cut. 

In the case of weeds having a diameter of over 6 inches, 
girdling is often preferable, because cheaper than cutting. More- 
over, the cutting of broad leaf weeds often tends to merely replace 
the weed by weed sprouts. 

To prevent this, in the case of sapling weeds, crushing shears 
might be used. 

Some cottonwoods cannot be extirpated by deadening. In that 
case, the peeling of a strip of bark three feet long at a point two 
feet above ground is advisable. Cutting of weeds in August reduces 
the chances of their recovery. In the Adirondacks, the weeding ot 
Beech overshadowing Spruce might be advisable, because remunera- 
tive. 


Paragraph LXI. Improvement cutting in high forest. 


The term improvement cutting was introduced into Indian prac- 
tice by Sir Lietrich Brandis. Improvement cuttings are cuttings 
for revenue and for partial regeneration, combined with weeding. 

An improvement cutting extracts from irregular woods: 

A, Hypermature or dead trees ‘still of value. 

B. Misshapen immature trees. 

C. Species of minor value. 

D. Weeds of pole size and tree size. 

Essential it is for the character of an improvement cutting, 
that it is intended to result, on the aggregate, in a surplus revenue. 
Cuttings, on the other hand, which leave the premises in a materially 
decreased financial value, can, of course, not be considered as im- 
provement cuttings. Again, cuttings made at a sacrifice, with a 
view to an increased prospective value of the forest, are “ weedings ” 
or “cleanings” which must be considered as investments, like the 
expenses spent for regeneration. 

I. The purpose of improvement cuttings is or may be: 

a. A surplus revenue. 
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b. Improved financial prospects of the remaining crop carried. 
about by: 

1. Kemoval of trees and poles acting as suppressors ; 

2. Removal of inferior trees and poles acting as competitors; 

3. Partial removal of a superstructure on a regeneration area; 

4. Removal of less desirable individuals acting as seed-trees. 

«. The effect of a preparatory cutting, a seed cutting or a final 
cutting in thin, irregular woods, without removing well-grown 
mother trees of desirable species. 

d. Reduced danger from fire, fungi and insects. 

Il. Kinds of improvement cuttings are: 

a. Improvement cuttings in primeval woods. 

b. Improvement cuttings in culled woods. 

c. Improvement cuttings in woods maltreated by fire and pas- 
turage. 

Ill. Marking: Trees and poles to be removed in an improve- 
ment cutting must be individually marked by the sylviculturist. 

Generalizing rules for marking cannot be given; each tree or 
pole must be dealt with according to its individual merits and 
demerits. 

ashe marking by the forester of improvement cuttings is, con- 
sequently, a timetaking affair. 

IV. Localities: Irregular, tuin woods composed of a multitude of 
species deserve improvement cuttings. 

The local market must allow of the—at least partial—utilization 
ot suppressing, competing, superstructing and less desirable indi- 
viduals. 


Paragraph LXII. Thinnings in high forest. 


‘r'hinnings proper are practicable only in dense and fairly even- 
aged groups or woods, always under the proviso that a permanent 
road system and a nearby market allow of a remunerative outcome 
of the act. In Pisgah Forest thinnings are out of the question as 
the woods are thin enough. At Biltmore, thinnings are made where 
polewoods of Yellow Pine occupy abandoned fields. Up north, 
from the merely sylvicultural standpoint, thinnings are possible in 
the Jack Pine woods, in Balsam thickets, on Black Spruce slopes, 
in Lodgepole Pine thickets, ete. 

For many a year to come the American forester will have 
little opportunity to make any thinnings. 

A. Purposes of thinnings: 

I. To develop the log diameter of large saplings and poles at 
a time at which the log axis has been obtained. 
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II. To increase the volume increment per acre. 

III. To increase the quality increment of favorably predestined 
mess-mates. 

IV. To reduce the danger from forest fires (dead and dying 
trees), insect pests and fungi plagues. 

V. To remove cripples and wolves. 

VI. Early financial returns. 

VII. Reduction of investment. 

VII. Shortening of the rotation by feeding a lesser number of 
mess-mates on a relatively larger amount of food (viz. moisture, 
heat, lignt, mineral matter, etc.). 

Ia. Regulation of the relative proportion of species in mixed 
pole woods. 

B. Lhe season for thinning depends upon local climate, season- 
able prices of labor, advisability of peeling and intensity ‘of thin- 
ning. ‘Lhe season usually selected for thinning in Europe is the 
late winter when the main cuttings are completed. 

C. The time for thinning. Thinnings should begin in the late 
thicket stage and should be repeated, to begin with, in five-year 
intervals, say from tne year thirty to sixty. Thereafter the inter- 
vals are increased up to the year eighty or ninety. A preparatory 
cutting, although conducted like a thinning, is no thinning, since 
its purpose is regeneration. Thinnings stop at the end of the pole 
stage. Where poles are non-salable, for instance, in European moun- 
tain districts and almost everywhere in America (excepting Biltmore 
Estate), thinnings cannot be made. 

‘D. The material supplied by thinning may consist of firewood, 
pulp wood, mine props, fence posts, telephone poles, hop poles, hoop 
poles, tool handles, bolts for spokes, locust pins, tannin wood, etc. 

In European practice the number of cubic feet obtained by thin- 
nings during the course of a rotation per acre equals one-quarter or 
one-half of the number of cubic feet obtained by the final cut. 
Heavy thinnings, as practiced in Denmark, are said to yield as many 
cubic feet in the aggregate of a rotation as the final cut. 

The tool used for thinning is invariably the axe. 

E. Kinds of thinnings: The old doctrine was: “Thin early, fre- 
quently, moderately!” 

This rule has been gradually abandoned during the past twenty 
years. The method of thinning naturally differs according to the 
purpose of it. William Schlich distinguished between quality thin- 
nings, made to improve the timber quality of the trees left; and 
quantity thinnings meant to result in the maximum production of 
wood fibre per acre per annum. ' 
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If left alone, a dense thicket grows slowly only, the food being 
subdivided among a large number or messmates. Toward the begin- 
ning of forestry, sylviculturists were satisfied with thinnings bury- 
ing the dead and moribund trees. Later on, thinnings were extended 
into the suppressed classes. The huropean experiment stations are 
now deeply engagea in working out the “best” method of thinning. 
Obviously, no method can be best for all sorts of species and for all 
sorts of local conditions. 

i. ‘I'he experiment stations distinguish between: 

Grade 1. Light thinnings, removing the dead or dying. 

Grade 2. Moderate thinnings, removing the dead, dying and 
suppressed. 

Grade 3. Heavy thinnings, removing also the condominating 
trees, or such of them which are not absolutely essential for the 
maintenance of the main leaf canopy overhead. 

Grade 4. Very strong thinnings, placing a limitea number of 
dominating and predominating trees in a free position. 

Results so far published allot-the maximum volume production 
(exclusive of branches) per acre to Grade 8, All these four grades 
might be characterized as “thinnings from below” (Eclaircies par 
le bas). 

French silviculturists are advocating, on the other hand, “ thin- 
nings from above ” (Eclaircies par le haut). 

The Frenchmen, as a matter of principle, leave alone the sup- 
pressed lower stems, protecting by them the quality of the soil 
as well as the clearness of boles within the predestined class. In 
addition, they relieve the tension, friction and struggle for food 
amongst the dominators by culling out the worst developed domina- 
tors, or a percentage of those dominators which stand too close 
together, and which have, consequently, one-sided crowns, 

The objection to the French method lies in the following points: 

a. Material without increment is left on the ground. 

b. Weaklings and dying trees left increase the dangers threat- 
ening the forest. 

ce. Greater difficulty in marking trees to be removed. 

However, where quality increment is at stake, the French 
method seems highly advisable. 

III. Radically different from the systems of thinnings hereto- 
fore prevailing are the revolutionary views proffered by Borggreve, 
the “Bryan” amongst European sylviculturists. 

Borggreve thinnings interfere or remove only the predominators 
and dominators—the biggest poles—closest to the best log size. 
Such thinnings begin only at the year sixty of a woodlot; they 
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withdraw every ten years the largest one-seventh of the stems 
containing about one-quarter of the total volume. 

Of course, high and early revenue is secured by such practice. 
On the other hand, the trees removed are those growing at the 
best rate of interest. (From the sixtieth year on 90% of annual 
secretion in a woodlot is supplied by the 40% (in number) of the 
largest trees). : 

The advisability of a Borggreve thinning largely depends on 
the reproductive power of a wood thus “maltreated.” In the case 
of Yellow Pine and on poor soil, the reproductive power of a wood 
seems too small to allow of speedy repletion of the growing stock 
and of its leaf canopy. Much “food” goes to waste after Borg- 
greve thinnings. In the case of White Pine and Spruce, the danger 
from storm and sleet after Borggreve tninnings must be badly 
dreaded. 

IV. Wagener, at the year twenty-five of a forest, makes a 
thinning called “crown-free-cutting,” surrounding the crown of 
each predestined tree with an air space two and one-half feet wide. 
Dominating trees left should stand seven yards apart after the 
Wagener thinning. Suppressed trees are not interfered with. Such 
cuttings are much heavier than Borggreve’s. At the year twenty- 
five the bole of the dominators is not fully developed. Underplanting 
takes places at the same time. The dominators left stand in an 
orchard-like position and show a very rapid diameter growth. Only 
one log or so is expected to be obtained from the bole; it is obtained, 
however, within an extremely short rotation. 

Obviously, for coniferous woods exposed to storm and of poor 
quality if wide ringed, the Wagener system is out of the question. 
The Wagener thinnings, unless they result in a heavy growth of 
adventitious branches, might be used to advantage for Black Wal- 
nut, Black Cherry and Oaks. 

V. In mixed forests such species as reach maturity during the 
pole stage might be removed by way of thinnings; f. i., Locust and 
Sassafras from a pole wood of Yellow Poplar; Hickory when reach- 
ing spoke-bolt size from a mixture with Oaks; Chestnut when reach- 
ing telephone pole size from a mixture with Oaks, Black Gum and 
Yellow Poplar. 


Paragraph LXIII. Pruning in high forest. 


A. The object at stake might be: 
I, Production of logs free from knots,—especially free from 
dead knots. Live or sound knots measuring one and one-quarter 
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inches in diameter affect the lumber price only slightly. The pre- 
vention of dead knots is, therefore, most important. No topshoot 
is formed without side shoots, and no section of a tree bole is 
free from brancnes and free from branch knots. Hence the advisa- 
bility of pruning the boles os such species which develop branches 
of large diameter and of great persistence when dead. Branches 
(excepting adventitious branches) invariably start from the central 
core. 

II. Increased height growth. 

Ill. The production of cylindrical boles of high form figure 
(Pressler’s law of bole formation). Obviously, “IL” and “ Ili” are 
obtained only by removing live branches. 

IV. The reduction of the shade falling on a young, promising 
undergrowth. 

V. The reduction of aanger from fire in coniferous woods close 
vo public roads. 

B. Species: Hardwoods suffer less from the removal of green 
branches than softwoods. Green branches of over five inches in 
diameter should not be removed at all, except in case “IV,” owing 
to the certainty of subsequent disease. 

Oak heals the wound inflicted by pruning best; Ash is likely 
io split; Maple is slow in closing 4 wound; Birch soon shows dis- 
ease; Yeliow Pine-covers the wound quickly with rosin. 

C. Actual European practice: . 

The practice restricts pruning to the case “I” and within case 
“1” to: 

I. Dead branches. ; 

IL. Polewoods forty years to sixty years old. 

IIT. Limited numbers of poles (say 100) per acre, namely, to the 
specimens presumably predestined to reach the end of the rotation. 

Pruning extends to a height reaching up to forty feet, is done 
by help of ladders, of a climbing apparatus (not climbing irons) 
or of saws attached to very long poles. The best saw is the 
“Alers ” construction. 

In france, sharp, curved blades are preferred to saws, since 
they produce a smoother cut. 

The branch is cut off as close to the bole as possible. Large 
branches are cut off in sections to prevent the bole from being 
searred. In the case of broad-leafed' species and in the case of 


live branches, large wounds are always tarred. Tarring in spring 
is impossible. 
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Expense at Biltmore for pruning Yellow Pine to a height of 
16 feet is two cents per tree, 

The best months for pruning are the months at which the 
sap is down. , 

The advisability of pruning depends largely on the prospective 
price—difference between clear lumber and knotty lumber. 

Pruning at a late date, say 20 years before cutting, is of 
no use. Theoretically it is best to remove dead branches in the 
year of their death. 

Where pruning is practiced, natural pruning produced by dense 
planting and hence dense planting itself might be spared, a proposi- 
tion which cannot be generally indorsed. 

Literature: Translation of DeCourval by Massachusetts Forestry 
Association. : 


Paragraph LXIV. Underplanting in high forest. : 

An upper story of high forest might be underplanted during the 
pole stage either artificially or by natural seed regeneration. In 
the latter case, weed species may answer the purpose. Underplanting 
may improve the timber quality of the upper growth. It usually 
does improve the productiveness of the soil. 

Frequently the purpose at stake in underplanting is that of 
fully utilizing tne productive capacity of the soil and of the atmos- 
phere which is not entirely used by the upper story of growth. 
In that case, underplanting cannot be considered as a method of 
forest pedagogy. 

A. The species to be underplanted are, notably, light demanders; 
for instance, Yellow Pines; Oaks; Hickories; Larches; Yellow 
Poplar, etc. In the primeval woods, Long-leaf Pine, Yellow Pine, 
Yellow Poplar, etc., show a natural undergrowth. 

In practice, the wood to be underplanted is 40 to 60 years old. 
Heavy “thinnings from below” precede underplanting. 

B. The species used for artificial underplanting are shade bearers 
and, if possible, soil improvers, notably Beech, Hard Maple, Fir, 
Lawson’s Cypress, White Pine, Chestnut, Hemlock, etc. 

Spruce is now disliked for underplanting, since it unfavorably 
affects the growth of the upper story. Seedlings one or ‘two years 
old are commonly used for underplanting. Dogwood, Black Gum, 
Witch Hazel, Chinquapin, Witch Hopple, possibly Kalmia and 
Rhododendron might be used for underplanting where mere soil 
protection is desired. 

The primeval hardwoods of the Alleghanies are frequently and 
densely underplanted with a low jungle formed by Ericaceae. 
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Paragraph LXV. Key to the Forms of High Forest. 


That general condition of a forest is termed its “ sylvicultural 
form” which is brought about by its type or types of past regenera- 
tion, hence by its display of age classes and by the arrangement of 
the species exhibited. 

The treatment alloted to the “form” by the forester, provided 
that it is a systematic treatment, is termed its “sylvicultural 
system.” 

The multitude of forms found in primeval nature is innumerable, 
since the “molds” from which the forms are cast, vary indefinitely 
with every wrinkle of the topography and every variation of the 
climate. 

Man’s interference has tended—at least temporarily—to further 
increase the multitude of forms. 

It is a hard task to differentiate amongst this huge collection of 
forms and to arrange the collection into “orders,” “families,” 
“genera” and “species” composing it. 

A priori, two great groups of forms might be singled out, 
namely “primeval forms” the product of unbiased nature and 
“second growth forms,” the product of nature influenced by man’s 
interference. This human interference might have been of a char- 
acter utterly disregarding sylvicultural ends (“culled forms”); or 
human art might have tried, successfully or unsuccessfully, to lend 
a helping hand (“cultured forms’). 

The manner in which the various age classes of the forest are 
mixed within the “orders of forms” is of paramount interest. From 
this manner of mixing depend: 

I. The manner and the possibility of remunerative lumbering. 

If. The type method and the expense of regeneration and 
pedagogy. 

IIT. The dangers from insects, fungi, fire, storm, ete., threatening 
the forest. 

The functions of the mixture are so all-important in forestry, 
that the synthesis of the age-classes must serve as a main criterion 
in the construction of a key to the sylvicultural forms. 

It must not be forgotten, however, that age differences of, say, 
20 years are very conspicuous during the seedling, sapling and pole 
stage of the forest; whilst the keenest eye cannot detect these same 
differences in an old tree forest. 

In mixed forests exhibiting a large variety of species the analysis 
of the form presents particular difficulties. Such is the case by far 
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more frequently in primeval than in culled or cultured high forest. 
Sometimes a distinct form of « minor, scattering species appears to 
be “grafted” upon a distinct form of one or several major, gregarious 
species (“grafted forms”). Where two distinct forms in mixture 
cecupy more equal shares (not minor and major shares) in the 
aggregate display, we may speak of “wedded forms.” “Husband and 
wife, though distinet individuals, unite for a life in a household of 
their own.” 

A. Primeval forms of high forest. 

I. Characteristic for all primeval forms is u relative preponder- 
ance of the hypermature age-classes (veterans) ; a relative deficiency 
of the youngest age-classes (seedlings, saplings and poles); the 
presence of a large number of dead, decaying or unsound specimens 
only temporarily excelled in the ‘culled forms;” a large number of 
dead corpses of trees spread flat on the ground; irregular confines 
of the parts composing the aggregates; irregular composition of 
such parts by age-classes and species, many of which may be weeds; 
usually a heavy layer of humus on the ground; usually the presence 
of a few strikingly large and spotless trees overtowering their 
neighbors; absolute lack of permanent means of transportation. 

II. Subdivision of primeval forms of high forest. 

According to the relative share held by species of “ weed trees” 
in the mixture of species composing them, the primeval forests might 
be subdivided into pauci, multi and omnivendible forests. Primeval 
woods, in which only 10% of the timber species command a value, 
might be called “paucivendible”’; at 50%, the term “multivendible” 
and at approximately 100%, the term “omnivendible”’ might be 
applied. 

The vendibility of the members composing the forest, whilst it 
controls the possibility and the manner of its sylvicultural manage- 
ment, does not influence, however, the actual display of the forest 
in the slightest degree. 

It will be best, consequently, to subjoin the viewpoint of vendi- 
bility to the viewpoint of actual composition of the forest as dis- 
played in the size of its composing parts—notably of its age-classes. 

Thus we arrive at: 

a. A selection form, where the age-classes raised are mixed by 
trees or small patches—a very uneven-aged form; 

b. A group form, where the age-classes raised are segregated in 
groups occupying from one-tenth to four acres; . 

c. A compartment form, where the age-classes raised are segre- 
gated in large, coherent areas (coves, slopes) covering from twenty to 
one hundred acres—a very evenaged form of forest. 
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The epideta “paucivendible”, “multivendible” and “omnivendible” 
added to the terms “selection form”, “group form” and “compart- 
ment form” readily explain, in crude lines, the sylvicultural as well 
as the economic display of a primeval forest. 

The groups or the compartments often show a sprinkling of 
huge trees known as “standards”, having a much higher age and 
frequently belonging to a species different from that or those form- 
ing the main growing stock. Instances are: 

Yellow Poplar standards in Beech compartments; 

White Pine standards in Balsam compartments; 

Yellow Pine standards in Oak groups; 

Cuban Pine standards in Cuban Pine groups. 

Long-leaf Pine standards in Cuban Pine groups. 

Naturally, where the standards belong to several age-classes and 
do not ferm a distinct age-class by themselves, we merely meet a 
selection fori. 

Standards in primeval woods are frequent enough to call for 
the singling out of a fourth form, namely: 

d. A‘standard form, which might be again subdivided into: 

A form of standards over groups; 

A form of standards over-compartments. 

A variety of the latter subform found in the Chaparal thickets 
of California and in the Calmia thickets of North Carolina might 
be termed “form of standards over paucivendible compartments.” 

The two-storied high forest is often formed by two or more 
distinct species appearing in distinct forms. It had better be con- 
sidered as a combination of forms, one form being grafted upon. 
another (f. i., multivendible compartments of Douglas Fir grafted 
upon the paucivendible selection form of Hemlock); or one form 
being wedded with another (f. i., multivendible group form of Long- 
leaf Pine wedded with paucivendible compartments of Black Jack 
Oak). 

The term “two-storied high forest” properly applies only to a 
permanent combination of two tiers of trees (representing one or 
more species), each tier emanating from regeneration of the com- 
partment type of n. s.r. It is a compartment form wedded with a 
compartment form. 

III. Treatment of primeval forests: 

The only treatment required is of a protective, not of a sylvi- 
cultural character. 

As long as the forest retains its primeval display, unhampered 
by human interference, the regeneration of the primeval selection 
form is.of the cleared, shelterwood or advance growth selection type; 
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the regeneration. of the primeval group form is of the cleared or 
advance growth group type; and the regeneration of the primeval 
compartment form is usually of the cleared compartment type. 

Obviously, with the beginning of logging operations the 
“primeval forms” are gradually, piece by piece, changed into “culled 
forms,” the display of which largely depends on vendibility and on 
fires. 

Rarely only the primeval forest enters at once or directly into 
a cultured form (Pisgah Forest of the Biltmore Estate; Ne-ha-sa-ne 
park; government forests in Galizia) without passing through the 
stage of “culled form.” In the large majority of cases, the primeval 
woods pass through “culled forms” into “cultured forms,” in the 
course of generations of men and of trees. 

B. Culled forms of high forest: 

I. Characteristic for the culled forms of high forest is the 
absence of mature or maturing treés belonging to a desirable species; 
the preponderance of weeds, unsound trees, undesirable species and 
of trees and- poles badly crippled by the logging operations. Only 
diseased trees or relatively small trees of the desirable species are 
left to seed the ground. 

Advance growth is invariably spoiled where the trees are omni- 
vendible or multivendible. 

Characteristic for the culled forms is, further, the presence of 
large amounts of debris and of a parched humus. 

As a rule, the culled forms show death and scars due to forest 
fires. 

Frequently, the culled forest displays an entirely new assort- 
ment of the species composing it, the previously prevailing species 
having been removed by logging. It is more “mobbish” than the 
primeval forest. 

Il. Subdivisions of culled forms of high forest: 

The culled forest is usually more uniform than the primeval 
forest from which it emanates, owing to the-uniform character of 
the logging operations. Still, the compartment form, group form and 
selection form originally exhibited are usually retained. 

In the compartment form and in the group form a few worthless 
trees or veterans left standing and continuing to live frequently 
remind on the “form of standards in high forest” or on the “form 
of underplanted high forest.” (Compare C, II, b, of the same para- 
graph.) 

III. Treatment of the culled high forest: 

Where fires are kept out, the chances for seed regeneration are 
good—unusually good—owing to the condition of the seed-bed and 
to the unlimited food supply available for the seedlings. 
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In the case of Yellow Pines, light fires seem even helpful to 
n. & re 

Since the valuable species form, however, the minority amongst 
the seed-trees, the worthless and less valuable kinds usually prevail 
in the young growth formed after culling. Cleaning and weeding 
are required to improve the prospects of the minority composed of 
noble species. Besides, improvement cuttings are indicated in the 
culled forms: “The culled form is the form requiring improvement 
cuttings.” 

The “aristocrats” frequently return only to the regeneration 
area after a score or two of years, the rash “mob” then acting as 
nurse-trees or as ushers. 

Where heavy and extensive fires have swept the culled forest 
originally consisting of exacting species, patient waiting alone can 
secure conditions more favorable to aristocratic regeneration. Fires 
frequently convert a high forest of hardwoods into a coppice forest. 

The younger age-classes suffer more from fire than the older age- 
classes. A fire-swept, culled forest is deficient, at least temporarily, 
in seedlings, saplings and small poles. A few years after a fire, the 
culled forest often displays the features of the underplanted form of 
high forest (Par. LXY. C. II. b.) or of the coppice-under-standard 
form (Par. LXXIII). 

C. Cultured forms of high forest: 

I. Characteristic for the cultured forms of high forest is great 
uniformity; Jack of hypermature, unsound and misshapen aristo- 
erats; lack of weed-trees; lack of coppice shoots; complete cover 
overhead; multi- or omni- vendibility ; permanent means of tran<porta- 
tion. 

The cultured forest does not require weeding or improvement 
cuttings for the reason that cleanings and early thinnings have pre- 
vented the development of weed-trees and wolf-trees, whilst the 
hypermature veteran has been removed long ago. 

If the culled form is “the form of improvement cuttings’, the 
cultured form might be termed “the form of thinnings”. 

IL. Subdivisions of cultured high forest: 

a. Main cultured forms of high forest: 

1. Even-aged cultured forms, when the age-classes mixed within 
a compartment differ by up to 25 years. 

aa. Form emanating from the cleared compartment type of 
n. 8. Yr. 

bb. Form emanating from the short-time shelterwood compart- 
ment type of n. s. 1., the periods of regeneration not exceeding 25 
years. 
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ee. Form raised by planting seeds or seedlings over whole 
compartments. 

dd. Form raised by underplanting seeds or seedlings over 
whole compartments, followed by (gradual) removal of the super- 
structing trees within less than 25 years. 

2. Uneven-aged cultured forms, when the age-classes mixed 
within a compartment differ by over 25 years. 

aa. Form emanating from the long-time-shelterwood compart- 
ment type of n. s. r. 

bb. Form emanating from strip types, either restocked by n. s. r. 
or by planting. 

ec. Form emanating from group types of n. s. r., or from planted 
groups. 

dd. Form emanating from selection types of n. s.-r. 

b. Auxiliary cultured forms of high forest: 

aa. Form of standards in high forest, when a limited number 
of trees are left to grow amongst and with the young growth for a 
longer or shorter number of years. 

The standards might be left either in scattering groups or in- 
dividually scattered over the second growth. In the latter case, 
only storm-firm species will answer. It is wise to leave the standards 
in the proximity of roads so as to allow their removal without in- 
flicting damage on the young growth. Species well adapted for 
standards are: Yellow Pines, Larches, White Oaks, Yellow Poplar, 
Black Locust, Hickory, Walnut, Black Cherry. Shade-bearers and 
flat-rooted species will not answer the purpose. 

It is unwise to leave standards unprepared by preceding cuttings 
for the life in the open. Standards set suddenly free will cover 
themselves rapidly with adventitious branches. will grow stag- 
headed, will suffer from storm and sleet, and will die without yield- 
ing the results for which they were left. 

Where the standards shade the young growth too badly, it may 
be necessary to remove their lower live branches. 

The number of standards left per acre does not usually exceed 
25. Very good soil and short rotations allow of an increased number. 
Standards may be, but need not be, of the same species which forms 
the undergrowth. 

Where the standards do not belong, approximately, to one and 
the same age-class, there the standard form bastardizes with the 
uneven-aged forms emanating from the group-type or from the 
selection type of n. s. r. 

bb. Form of two-storied high forest, when an upper and a 
lower leaf canopy is maintained in distinctly separate tiers. 
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Species adapted to form the lower leaf canopy are: Beech, 
Hard Maple, Black Gum, Firs, Hemlocks. The species in the upper 
story had better have a light-demanding character. The form is 
created by caising a polewood (even-aged) of Yellow Pine, Oak, 
Hickory, Larch, ete.; by early and heavy thinnings from below; by 
very heavy thinnings after the completion of the principal height 
growth (year forty to sixty); and by planting at the same time either 
seeds or preferably seedlings of shade-bearing species. Should the 
undergrowth catch up with the upper growth, either the one or the 
other must be removed. The undergrowth preserves the fertility of 
the soil by thorough shading, by the formation of a mixed humus 
and by inereased leaf-fall. It improves the bole-quality of the 
upper growth, the crowns of the lower growth holding the boles of 
the upper in close embrace. In addition, it prevents any part of the 
timber-producing factors of the locality (atmosphere, light, moisture, 
soil) from lying unutilized. Usually the undergrowth produces fire- 
wood, the upper growth timber. 

The so-called “Seebach’s modified high forest”? has Beech in the 
upper as well as in the lower story. The lower story is obtained 
from self-sown seed of the upper story after very heavy thinning. 
Under and upper growth are finally utilized in the same year or in 
the same period of years. 

III. Treatment of cultured high forest. 

Regeneration in the cultured form of high forest takes place in 
any of the types of n. s. r., or by planting seeds and seedlings. As a 
rule, natural regeneration is now combined with partial planting. 
Cleaning and thinning are usually indicated, whilst, as stated, weed- 
ing and improvement cutting are not required. 


Paragraph LXVI. Critical remarks on the forms of high forest. 


A,- Attitude of the investor: 

It is almost amusing to observe the difference of attitudes which 
the statesman, the Iumberman and the forester show with respect 
to the terms “primeval”, “culled” and “cultured” forests. 

Still, all of these forests are justifiable, at least temporarily, 
and usually justified by tne economic conditions evolving them. 

I. The primeval forest seems to be the “forest in economic 
stagnation.” Still, fortunes have been carved by many investors, 
buying and retaining primeval forests for their own benefit and 
incidentally for the benefit of later generations of men. With every 
parcel of primeval forest destroyed, the value of the balance left 
increases in estimation and in actual usefulness. 
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Sylviculturally. no forest requires a more minute and more 
painstaking treatment than the primeval forest, when its conversion 
into cultured forest is at stake. Still, the small price obtainable for 
its products defies any attempt at a remunerative outcome of heavy 
sylvicultural outlays. What is the use of safeguarding or producing 
a second growth, by sylvicultural acts, which is devoid of any pros- 
pective value, or which is of a value inferior to the expense re- 
quired to safeguard it or to produce it? 

Thus, sylviculturally as well as financially it seems very fre- 
quently best to leave the primeval wood unattended, unregenerated, 
unconverted, for the time being. 

II. The culled forest usually exists in localities where timber 
has a higher value than in the primeval backwoods. 

Indeed, where the culling of the forest has made great progress 
in a state or in a county, there the culled forest is getting rapidly 
ripe for sylvicultural treatment. 

Heavy culling merely proves a high range of stumpage prices, 
fostered by a near-by market and by good means of transportation. 

Where the forest has been culled only of decidedly mature 
trees, there the chances for good results are bright, financially as 
well as sylviculturally. 

The attitude which the owner of culled forests adopts towards 
sylvicultural investments, necessarily depends on a diagnosis of the 
future of the lumber industry appealing to him. 

IfI. The cultured forest is still a rarity in the United States, 
and will continue to be a rarity during our lifetime. 

Imagine for a moment, that the famous Black forest of Germany 
were suddenly transferred, with its fine Spruce woods, its splendid 
roads and its skilled laborers, into the heart of the Adirondacks! 
Would it be wise, financially, to continue its sylvicultural treat- 
ment as inaugurated in Germany? 

It certainly would; the logs salable in the Black Forest are 
also salable in the Adirondacks at a good profit. And a network of 
splendid roads would tend to cheapen transportation by exactly 
that many cents per standard, which the stumpage itself would gain 
per standard. ; 

On the other hand, that same Black Forest transferred to the 
Pacific coast—say into the’ Olympic mountains—would certainly 
prove a financial and therefore a sylvicultural failure. 

The better it pays to cull the forest, the closer at hand is the 
time of the cultured forest. 

It must be kept in mind, however, that the change from the 
culled to the cultured forest requires, aside from a market for the 
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products obtained and from the willingness of the owner to embark 
in sylvicultural investments, 

a. Investments in permanent means of transportation; 

b. Relative safety from forest fires; 

c. Time. : 

Wherever the woods emerge in u decrepit condition from the 
primeval stage after reckless lumbering, heavy fires, unlimited 
pasturage, there the adoption of a system will be found necessary 
after scores of years breaking entirely with the past and raising, 
after thorough destruction of the past growth, by artificial means 
a new crop of valuable species. 

Large, continuous clearings badly resist reforestation like the 
prairies, although on a smaller scale. Extensive, even-aged woods 
form “incubators” for disastrous diseases; suffer from snow, storm, 
drought, and frost. On the other hand, their management is greatly 
facilitated, so that reinforcing, cleaning, thinning, regeneration and 
utilization are much cheapened- 

B. Selection of form by the forester. 

J. The primeval forms of high forest found by the forester 
usually appear unretainable. Whatever the case be, the first. stroke 
of the axe is sure to remove the mature and hypermature trees, the 
preponderance of which belongs to the character of any primeval 
form. 

However, when transforming primeval woods into cultured 
woods, the forester should endeavor to retain as much as possible 
the form originally sanctioned by nature. Such retention is the 
safest way to sylvicultural success. Still, it usually necessitates 
heavy investments for permanent means of transportation, and where 
the owner is unwilling to make them, cuttings by compartments or 
by strips are required, which in turn lead to the adoption of the ad- 
vance growth type, shelterwood type, or cleared type of n. s. r. 

The strip form, as mentioned elsewhere, seems to be particu- 
larly well adapted to meet American needs. 

IJ. The culled forms of high forest must be retained by the 
forester in the compartment, group or selection form first en- 
countered, unless the culling has been particularly light. Improve- 
ment cuttings are not apt to change the form of the forest. Where 
artificial reinforcing is resorted to, the forest will gradually develop 
even-aged forms. When after heavy culling the average growing 
stock per acre is badly reduced, then forms allowing of short rota- 
tions are indicated, so especially selection forms and standard forms, 
Frequently in such cases, the high forest is abandoned, and the 
coppice forest is resorted to. 
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III. In the cultured forms, the‘trend of the times favors un- 
even-aged forms, notably mixed group forms and narrow strip forms, 
on account of greater safety. 

Heavy ‘‘thinnings from above” are in vogue, frequently in 
connection with underplanting (or underseeding by n. s. r.) 

Regeneration is effected either by planting compartments, strips 
and groups, with or without a shelterwood overhead, or by the various 
types of n. s. r. 

Where the deficiency of the growing stock leads to the adoption of 
short rotations, standard forms, two-storied forms, underplanted 
forms or coppice-under-standard forms must be resorted to. In the 
latter case, of course, the high forest form is thrown overboard. 


Paragraph LXVII. High Forest by Species. 


A. Oaks: The Oaks rarely appear in pure stands. 

1. Primeval woods. The primeval high forest exhibits the Oak: 

a. As the lower story planted in groups or compartments under- 
neath an upper story of Long-leaf Pine, Loblolly Pine, Short-leaf 
Pine; 

b. In small pure groups sprinkled amongst the Bald Cypress 
and Red Gum of the southern hummocks; 

ce. In the selection form grafted upon compartments of high forest 
of other hardwoods, notably of Chestnut, Hickory, Gum (Ten.); or 
grafted on compartments of Kalmia, pod pdeniten, Chinquapin 
(NX. C.). 

d. In pure even-aged groups (prairie borders). 

e. In selection forests mixed with many other hardwoods also 
in selection form. 

II. Culled high forests: The culled forest of oak is usually axe- 
culled as well as fire-culled, thus partly losing its character as a 
high forest. 

The u. s. r. of White Oak, Chestnut Oak and Scarlet Oak at 
Biltmore proceeds selectionwise or in compartments, notably so on 
Indian fields in the Pink-beds; underneath Chestnut, Maples, and 
Oaks on Poplar hill; mixed with Hickory on the lower west slope 
of Averys creek and so on. 

The Oaks endure shade well for a long number of years, trailing 
on the ground until freed from superstructure. Coccinea three 
years old is only five inches high, being clipped back continuously by 
insufficient lignification of its top-shoots. 

Even-aged polewoods of Oak are found all over the Blue Ridge 
and the Piedmont Plateau. Examination will usually prove them 
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to be fire-culied coppice formed by the fire-killed, younger age classes 
of primeval woods (seedlings, saplings and small poles). 

III. Cultured high fcrests. 

The cultured high forest at Biltmore is still in statu nascendi, 
in the plantations on abandoned fields as well as in the n. s. r.’s of 
comp. 102 (compartment type), the slopes of Ducker Mountain, etc. 
The growth of the Oaks during early youth is very slow. The soil 
is usually so badly hardened as to require artificial help to n. s. r. 
Oak seedlings and saplings are rare in Pisgah Forest (excepting 3- 
year-old Scarlet Oaks). 

The Oaks mingle with the Short-leaf Pine everywhere as an un- 
dergrowth started by n. s. r., or as a companion-growth in Pine pole- 
woods. Here too, however, the fires have usually converted seedlings 
and saplings into stoolshoots. : 

In the 8. E., regeneration under shelterwood or in advance of 
logging (by the group type or by the compartment type) seems ad- 
visable. In the mixture with the Oaks should be encouraged: Maples, 
Black Gums, Pines (White Pine grows and retains its branches for 
a long time in the mixture), Chestnut, Hickory, Walnut. 


Record of seed years at Biltmore: 

White Oak: good in 1899. 

Post Oak: in 1900 the only mast-bearing oak. 

Black Oak: splendid, full mast year in 1901 in all situations. 
Spanish Oak: splendid, full mast year in 1901. 

Chestnut Oak: promises well in 1904. 


B. Chestnuts: 


1. Primeval forests: 

Actually primeval forests of Chestnut seem very rare. The 
Chestnut weods of the Appalachians have been ransacked by fires 
for many decades of years. The n. s. r. seems to have been of the 
selection type. Chestnut seems to avoid limestone-soil and ceases to 
cecur where limestone appears (Ky; Ten.). 

II. Culled high forests: 

The fire-culled forest shows an absolute jade of seedlings, sap- 
lings and poles. 

The axe-culled forest consists merely of coppice. 

Trees beset with dead branches are invariably wormy (Lymexy- 
lon). 

Seed years seem to be getting scarce, possibly under the influence 
of fires, to judge from the reports of mountaineers. The old trees 
are frequently stagheaded and fail to successfully regenerate their 
kind. 
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Seedlings one year old are about eight inches high, when found 
in the woods. They appear individually scattering and not in groups. 

III. Cultured high forests: 

The cultured forest usually has the form of coppice or coppice- 
under-standards. Plantations in the United States are made more 
for fruit-growing than for timber-growing. The abandoned fields at 
Biltmore seem too dry for successful development. Chestnuts 


planted as an undergrowth below Oak and Pine have done poorly, 
owing to the ravages of squirrels. 


The poles and trees seem to badly resent any sudden interference 
with the leaf canopy and with the humus. 

Thinnings and cuttings in the shelterwood system should be light. 

The competition of stoolshoots invariably formed after cuttings 
reduces the prospects of seedlings simultaneously obtained. Stool- 
shoots cannot be entirely prevented by deadening previous to cutting. 

Chestnut produces a splendid humus and is an excellent com- 
panion for Oaks, Hickories, Walnut, Black Cherry, Ash and Yellow 
Poplar; also for White Pine and Hemlock. It regenerates in mixture 
with Yellow Poplar on small abandoned fields of Pisgah Forest to a 
limited degree. 

Seed years: Fairly good mast in 1898. 

On the mountain tops, where Chestnut stands in an orchard-like 
position, seed occurs annually. 

C. Hickories: 

I. Primeval forest: The Hickories appear regenerated in the 
selection type and in the group type. 

iI. Culled high forest: The Hickories suffer badly from fires. 
Fires do not kill the poles, but cause the butts to burst subjecting 


them to decay. Weeding and heavy improvement cuttings are bene- 
ficial. 


Ili. Cultured high forest: 

From the early pole stage on, the crowns should be placed in 
a free position so as to cause the formation of wide rings. 

At Biltmore, the boles are apt to be very branchy, the tough 
limbs being very persistent. 

In the mountains, on stronger soil, the boles clear themselves 
readily. 

The Hickories regenerate by n. s. r. in abandoned fields in mix- 
ture with Black Gum, Sassafras, Yellow Poplar, Locust, Oaks, etc. 

In the plantations on abandoned fields at Biltmore, Bitternut 
alone promises to be successful. The other species are badly handi- 
capped by rodents and seem to be of very slow growth. 


The Hickories seem to be immune from damage by frost in their 
native country; not so in Germany. 
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Seed years are not of record. 

D. Walnuts: 

I. Primeval forests: 

The Walnuts appear in the primeval woods invariably in mix- 
ture with other species, on strong soil, seemingly regenerated by the 

“ selection type. 

II. Culled high forests: 

The Walnuts seem remarkably fireproof from the early pole stage 
on. Seed regeneration is rare in the woods, but more frequent on old 
deadenings close to habitations, where the squirrels were held in 
check. 

Il}. Cultured high forests: ; 

Without artificial help, n. s. r. seems very problematic. Under 
any circumstances, the rodents must be kept off. 

Plantations are frequently found and do very well in early youth, 
unless the soil is badly hardened and impoverished. The stands 
should be dense, whether pure or mixed with Oaks etc., so as to 
produce clean boles. Plantations seem to fail in the close proximity 
of old trees. 

The plantations at Biltmore have failed invariably in the woods, 
owing to the ravages of squirrels; toungya on leased farms shows 
poor success, owing to the unreliability of the lessees; plantations of 
seedlings three years old failed badly; plantations of yearlings freeze 
to the ground annually on all slopes; plantations of nuts on small 
fields have done very well, where the ground was good; and the 
change from good to bad, brought about by the undulations of the 
soil, is very marked. Failures on poor soil are now doctored up by a 
nursegrowth cf Yellow Pines,—a remedy promising some success. 

EH. Beech: 

I. The primeval forest exhibits the compartment, group and se- 
lection type of n. s.r. The humus is usually very heavy and so moist 
that fires have a poor chance to spread. In the South, at lower alti- 
tudes, Beech merely fringes the river banks. 

II. The culled high forest shows many stump sprouts, stumps 
three feet high forming the sprouts on the top of the stump. 

In the Blue Grass Region, huge park trees are frequently found in 
a dense undergrowth of seedlings and saplings. Here the more valu- 
able species have been culled out many years ago, and the Beech is 
left in exclusive possession of the soil. 

III. The cultured high forests of Beech are easily regenerated in 
the shelterwood-compartment type. The selection type yields branchy 
boles. Beech is the best companion imaginable for faster-growing 
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species; is splendidly qualified for an underwood planted beneath 
aristocratic species; is exacting and sensitive. 

Plantations on abandoned fields are out of the question, except 
at high altitudes. 

No seed years are of record at Biltmore. The trees on the river 
banks fruit annually. 

F. Basswood: 

I. Primeval forests: 

in the Lake States and in the Alleghanies,: Basswood exhibits the 
form emanating fromm the selection type of n. s. r., grafted on the 
compartment type of White Pine or of Hard Maple, or else mixed 
with Hard Maple, Elm, Chestnut, Red Oak, Yellow Poplar. 

II. Culled high forests: 

The regeneration follows the selection type; fires clip the seed- 
lings and saplings; larger poles and trees seem to withstand well. 

Ill. Cultured high forests: 

Young seedlings develop very slowly; they are less sensitive than 
their shade-endurance would indicate. Pure forests are found only 
in Russia. 

Seedlings planted at Biltmore on old fields, of strong qualities, 
have hesitated to develop for six years, growing bushy and crooked; 
in 1904, they promise good results. 

Linden underplanted below Oaks and Chestnuts after moderate 
thinning on North slopes seems to answer admirably, forming long 
and straight, although overhanging topshoots. 

Seedyears in Pisgah Forest occur annually. The majority of the 
seeds, however, seem to drop immature. 

G. Yellow Poplar: 

I. Primeval forests: 

Yellow Poplar appears invariably in the selection type, or in the 
form of standards. 

II. Culled high forests: ; 

The species attempts unceasingly to propagate its kind by 
n. s. r. The heavier the destruction by the axe, the better are its 
chances for success. Fires, on the other hand, annihilate the seed- 
lings and check the chances for regeneration thereafter, owing to a 
rank growth of weeds following the fires. In Pisgah Forest, seed- 
lings and saplings were entirely lacking, until fires were stopped. 

The regeneration on old fields, on the other hand, is prolific and 
easy. Cattle press the seeds into the ground and check the com- 
peting weeds. Sassafras, Locust and Pine frequently act as ushers. 
The old fields are usually protected from fire by the owners wishing 


to protect their fences. 


‘ 
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No known species prunes itself as readily from branches as 
Yellow Poplar, the dead branches popping off without leaving any 
stumps. 

IIL. Cultured high forests: 

No species at Biltmore is as easily regenerated by n. s. r. as 
Yellow Poplar. In Biltmore Forest, the group type is readily carried 
through with the help of three or four mother-trees to the acre. The 
other companions of the mother-trees, notably Oaks and Chestnuts, 
are gradually cut away; spreading Dogwoods are deadened to prevent 
them from forming stoolshoots. > 

In Pisgah Forest, regeneration is helped by preceding pasturage 
(especially in early spring, before the seeds of Poplar germinate) and 
by weeding following in the wake of n. s. 1. 

The seeds will never sprout in the humus; seedlings born late in 
spring (June) and showing the cotyledons still in September are 
sure to be killed by frost; also seedlings growing in the shade of 
weeds. The logging roads and log yards are real “nurseries” for 
Poplar. On steep ground, the seedlings are washed out by the rain. 

The growth is very fast. 

Seed years are annual; hollow trees are likely to furnish very 
poor seeds. 

Plantations of 3-year-olds at Biltmore on poor old fields did 
badly; on good soil, especially where a volunteer growth of Locust 
has joined the plants, the success is complete. 

H. Maples: 

I. Primeval forests: 

Here the regeneration follows the compartment type (Adiron- 
dacks, Missouri valley), the group type and the selection type 
(Biltmore, Northern Minnesota). Maple usually appears in mixture 
with other hardwoods, with Spruce and White Pine. Soft Maple 
occurs in low, moist sites as well as on dry ridges. Hard Maple 
demands well-drained and strong soil, preferring Northern aspects. 

II. Culled high forests: 

After culling, the younger stages of Maple are usually left in 
possession and develop in dense thickets, preventing more valuable 
species from establishing themselves. In the Adirondacks, Soft 
Maple is frequently found on Spruceflats after windfalls (associated 
with Yellow Birch). 

Ilf. Cultured high forests: 

Dr. Fernow at Axton succeeded in establishing. in places, a 
splendid regeneration obtained from advance growth n. s. 1. of the 
compartment type, removing the parents at one stroke. In Europe, 
the shelterwood compartment type an:wers admirably. 

150 


SYLVICULTURE 


Biltmore Forest is deficient in Maple. Still, Hard Maple planted 
on abandoned fields, pure or in mixture with White Pine, has done 
admirably, excepting dry S. W. slopes, dry spurs, and very moist 
river bottoms. 

In Pisgah Forest, Red Maple usually appears as a weed over- 
shadowing aristocratic seedlings. 

I. Ashes: 

I. Primeval forests: The Ashes usually regenerate and stand 
in patches or groups, occupying the moister sites. ° 

II. Culled high forests :~ 

Protected by moist ground, the Ashes stand a good chance to 
escape the fires. During early youth, the seedlings endure remarkably 
heavy shade. Weeding and improvement-cuttings produce splendid 
results. 

III. Cultured high forests: 

Regeneration in the group type is easy, if helped by cleaning 
(Ducker Mountain of Biltmore Estate) and gradual removal of the 
obstructing trees. On old fields, on moist slopes, White Ash is 
often accompanied by Yellow Poplar and Halesia. 

Plantations of 3-year-old Green Ash have failed utterly at Bilt- 
more on dry, hard soil. 

Plantations of 3-year-oid White Ash in half-swamps do .very 
well; also seed plantations on good soil in the gaps of a ridge. 

The early growth is very fast. 

Seeds are profusely produced from the pole stage on. 

J. Red Spruce: 

J. Primeval forests: The primeval Spruce woods appear as 
more or less even-aged compartments in the swamps and sloughs of 
the Lake States and on the dry, shallow South slopes of New England; 
in the cleared group form and in the selection form in Western N. C. 
at altitudes exceeding 5,000 feet, mixed with Abies fraseri (selec- 
tion) ; in the selection form, grafted upon compartments of Beech and 
Maple, on the hardwood slopes of the Adirondacks. In the latter 
case, Spruce never regenerates in the heavy layer of broad-leafed 
humus, but selects invariably the half-rotted corpse of a dead tree 
for a seed-bed. 

II. Culled high forests: In slightly culled forests immune from 
fires, Red Spruce seems to reproduce with remarkable ease. On fired 
ground, Birches and Cottonwoods frequently act as ushers. ‘Its 
persistence below an impenetrable leaf canopy of Beech or Maple is 
surprising. Freed from superstructure, after long years of suffering, 
it answers the chance for rapid growth almost immediately. 
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ITI, Cultured high forests: Spruce requires high atmospheric 
moisture; is satisfied with shallow soil; can be readily reproduced 
by n. s. r. as well as by planting. 

Seed years: Prolific in North Carolina in fall 1901. The trees, 
top heavy with cones, were mowed down by storms. 

K. White Pine: 

J. Primeval forests: The White Pine of the primeval woods 
appears in compartments, almost even-aged, or in groups, either 
pure, or with an admixture of Hard Maple, Linden, Elm, Yellow 
Birch; or in the form of standards over’ Red Spruce and Balsam; or 
in the selection form, as in the Calmia thickets of the Pink-bed 
Swamps. It is flat-rooted, subject to windfalls, in the North not 
tolerant of shade. 

II. Culled high forests: The gorgeous White Pine forests of 
the Lake States, after culling followed by fires, are invariably sur- 
rendered to a shrubbage of hardwoods. Second growth is found in 
beautiful groups underneath Norway Pine; individually sprinkled 
amongst Jack Pine, Basswood, Birch, ete.; also on old burns in ex- 
tensive, even-aged compartments; along roads and at the edge of 
clearings; in New England on old fields. 

In Western N. C., White Pine regenerates readily on broom- 
sedge fields; in mixture with the Oaks on the uplands; in mixture 
with Red Maple and Red Birch in the river swamps, etc. 

III. Cultured high forests: At Biltmore, the n. s. r. of White 
Pine started by a few seed trees succeeds easily in the group type. 
White Pines planted under dense shelter require freeing soon (com- 
partment 45). Individual trees are very retentive of branches. 
Plantations on several hundred acres have done admirably. White 
Pine is the easiest Pine to plant on old fields or in groups in the 
woods after clearing. 

Seed years are frequent at Biltmore, recurring at intervals of 
two or three years, f. i., fall of 1902 and 1904. 

L. Yellow Pines: 

I. Primeval forests: The pure group form (Black-hills) or 
the group form wedded with the compartment form of Oaks reaching 
a lesser height than the Pines seem to be typical. Pine standards 
are often left. The compartment form of P. taeda is also frequent. 
P. divaricata and murrayana invariably occur in even-aged compart- 
ments; P. palustris and P. heterophylla usually occur in groups. 

Il. Culled high forests: 

The culled forest is usually visited by fires which gradually con- 
vert an undergrowth of hardwoods, where it exists, into coppice. 
Beneath Longleaf Pine, this undergrowth begins to sprout only when 

the mature Pine is removed. 
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P. rigida and P. echinata less than 6 inches in diameter are 
also coppiced (New Jersey Pines) to a limited extent. 

Where the pure high forest continues, fire has usually improved 
the chances for n. s, r. by preparing a ready seed bed and by lessening 
the severity of future fires. 

All Yellow Pines regenerate prolifically on abandoned fields, 
often in stands which artificial planting could not produce equally 
well. 

Ill. Cultured high forests: 

The n. s. r. of P. echinata in the Biltmore woods creates nuclei 
for small groups which are freed and gradually enlarged. Heavy. 
thimnings from the early thicket stage on, prevent crowding in the 
pole stage and hereby check the chances for successful. attacks by the 
bark beetles. Pruning 100 decidedly predestined trees per acre seems 
remunerative (dead branches only) at Biltmore. 

Standard form of P. echinata seems indicated at Biltmore. 

All Yellow Pines are easily planted when one or two years old 
and get along without cultivation on old fields. Heavy growth of 
weeds, on good soil, however, is sure to smother them. 

In pure and large natural regenerations, it is wise to leave some 
hardwood standards with a view to securing an admixture of hard- 
wood seedlings in due course of time. 

In mixture with White Pine, Yellow Pine is soon subdued on good 
soil, while it retains the lead on poor soil. ; 

Seed years of Pinus echinata at Biltmore occur every seven 
years. The fall of 1902 was a prolific breeder of seeds even in pole- 
woods 35 years old (Walker-nursery at Biltmore). 


CHAPTER III. 


THE COPPICE FOREST. 
Paragraph LXVIII. Genesis of the coppice forest and its methods. 

The coppice forest is either the result of stump-shoots or is 
obtained from rootsuckers, layers and cuttings. 

A. Stumpshoots (or stoolshoots or coppice shoots). 

I. Species: All hardwoods whilst young form stump shoots when 
cut just above the callus. Amongst the softwoods, the Sequoias ex: 
hibit enormous stump sprouts. Amongst the Yellow Pines, P. rigida 
and echinata, after F. E. Olmsted also P. taeda, are capable of de- 
veloping sprouts from stumps measuring less than six inches in 
diameter. White Pines, Spruces, Firs, Larches, Hemlocks, etc., 


never form coppice shoots. 
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Il. Diameter: The sprouting capacity rapidly decreases, usually, 
with increasing diameter of the stump. The diameter at which the 
principal height growth is completed usually denotes the limit per- 
missible for coppice rotations. This rule is particularly well illus- 
trated by the behavior of Yellow Pine, Birch, Maple, Yellow Poplar, 
Oaks, Hickories, ete. Chestnut and Sequoia do not seem to follow 
the rule. 

III. Soil: Good soil allows big stumps otherwise unproductive 
of sprouts to form stool shoots. 

Good soil produces stronger, but less sprouts than poor soil. 


IV. Life of stumps: The life and hence the sprouting capacity 
of stumps repeatedly coppiced is closely connected with the resistance 
offered by the timber to decay. White Oak, Chestnut, Sequoia and 
Locust are perseverant sprouters, the scars on the stump being 
protected from rotting by the antiseptic qualities of the substances 
incrustating the heart wood. 

The reproductive power of Birch, Beech, and Maple is not sus- 
tained for a long time. Ash and Basswood show greater perseverance. 

It might be said that a long- lifed species is also a perseverant 
sprouter. 

The sprouting capacity is especially good in species capable of 
forming a separate and detached root system for the sprout inde- 
pendent from the mother stump. This is the case in species forming 
sprouts from the base of the stump (at the root collar). 


V. Optimum number of stumps per acre: 

.The optimum depends on the length of the rotation. It is con- 
sidered to be: For German Oak coppice, rotation 20 years, 2,000 
stumps per acre; for Osier culture, rotation one or two years, 80,000 
stumps per acre. 

VI. Manner of coppicing: The use of the axe is preferable to 
that of the saw. Stumps should be as low as possible, to begin with. 
In case of stumps—notably Beech and Birch—coppiced a number of 
times it is better to cut in the new wood. The scar should allow the 
water to run off, instead of collecting it like a saucer. The expense 
of the genesis of the coppice forest is practically nil. 

VII. Season of coppicing: 

If the wood must be peeled, the cut should be made in early 
spring. Late spring.cutting subjects the new sprouts to early frosts. 
Coppicing in August is supposed—for similar reasons—to affect the 
vitality of the stumps. Where the shoots are not to be peeled, 
cutting in late winter is best. Winter cutting prevents the stumps 
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from bleeding and allows to remove the product cut before the a p- 
rearance of new shoots without injuring the stumps. 

Cutting in fall subjects the stumps to frost-cracks and to bark- 
blistering;.it causes the new fleshy shoots to appear early in spring, 
at the season of prevailing late frosts. 

Accessibility of the locality at the proposed season of cutting 
and availability of local labor further determine the season of 
cutting. 

VIII. Reinforcing: Where the number of stumps is or becomes 
deficient, there the owner may plant seedlings or stump-plants 1o 
replenish the growing stock. ; 

B. Root suckers: Cottonwood, Willow, Locust, Alder, some 
Islms and Maples, after European experience even Liriodendron (?} 
form root suckers, especially on porous soil. The suckers are in- 
creased by locally uncovering the surface roots. They might be 
severed from the stem and planted when two or three years 21d; 
but this is expensive. Gardeners often use pieces of roots, say ten 
inches long and finger-thick, for propagating broad-leaf species in 
good soil. An observer in F. and T., May, 1904, claims to have found 
that Fir and Spruce in the Presidential Range of the White Moun- 
tains propagate their kind by the natural and unaided formation of 
suckers developing from long, horizontal roots. 

C. Layers: A low, long branch.of a standing tree is partly 
buried in a trench one-half foot deep, held in place by hooks, pins or 
stones, the end of the branch protruding above ground. The branch 
thus imbedded forms roots and shoots. The latter are severed from 
each other a year or two before planting in the open. 

Layering is a gardener’s method only locally used in parks. At 
very high altitudes, under the influence of very great atmospheric 
moisture, the low Spruce branches naturally form roots and shoots 
in a similar manner. : 

D. Cuttings: Willows and Poplars are usually propagated by 
“cuttings,” viz.: pieces of branches one foot long and two years old, 
tipped with a piece one year old. The cuttings are inserted obliquely, 
the tips barely showing above ground. Planting dagger or turning 
plow are the tools used. Care must be taken to prevent the bark 
from peeling off. It is claimed that the constant use of cuttings 
causes a deterioration of growth. Cuttings of sapling size taken from 
strong and long branches are also planted in good nursery soil for a 
number of years and planted in the open ground after catching root. 
Willows and Poplars allow of heavy trimming. Among conifers, only 
Sequoia permits the.use of cuttings. It is claimed that Sequoia-chips 
sprout successfully in the moist climate of the Coast Range. 
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Paragraph LXIX. Pedagogy of the coppice forest. 


The coppice forest is tended by cleaning, weeding, and thinning; 
also by improvement cuttings and pruning. 

A. Cleanings: To prevent undesirable shoots from developing, 
the stumps producing them must be removed. Stumps of undesirable 
species (Blackgum, Hazel, Alder) can be removed only.by digging, or 
by heaping dirt upon them, or by firing heaps of debris placed on the 
stumps. . Usually, it is preferable to deaden undesirable trees instead 
of trying to prevent their stumps from forming sprouts. In some 
species, stumps three feet high will form poor sprouts, a quality 
which might be taken advantage of. 

B. Weeding: Misshapen trees or poles of a desirable hardwood 
species, cut level with the ground, will at once produce shoots of 
good quality. Poles badly damaged by fires should be cut for 
an increase of vitality. Trees left because worthless should be 
deadened, unless they belong to the aristocracy, or unless they im- 
prove the good sprouts as well as the soil in the role of. subordinate 
companions. 

©. Thinnings: Thinnings in European coppice woods are rare; 
in tanbark coppice they usually purport to improve the quality 
of the bark. Where made, the thinnings usually remove the weaker 
shoots of a stump for the benefit of the better and stronger shoots. 
The rotations of European coppice being short, heavy thinnings tend 
to deteriorate the quality (branchiness and shape) of the shoots as 
well as of the soil; and light thinnings are rarely remunerative. 

In America, coppice of Catalpa, of Chestnut, of Locust and 
Hickory may invite heavy thinnings where fence posts, telephone 
- posts, railroad ties, wagonstock, etc., find a ready market. 

In case of Hickory, thinnings periodically removing the best 
trees (A la Borggreve) might seem indicated. 

D. Improvement cuttings: Improvement cuttings are necessary 
in culled coppice forest emerging directly from primeval hardwood 
forest heavily cut or heavily fired. Such forest is invariably en- 
cumbered with bushy and worthless standards (if the standards have 
a value, the forest belongs to the form of coppice under standards 
described in Par. LXXIII-Par. LXXVIII) interfering with the de- 
velopment of the shoots; or with undesirable species left by the 
logger. The mob frequently prevails over the aristocrats. 

The first final cut at the end of the first coppice rotation usually 
answers the purpose of an improvement cutting. 

E. Pruning: Pruning is required to prevent coppice of Catalpa, 
Locust and Ash from forming forks or heavy branches. Naturally, 
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pruning is expensive and dangerous at the same time since live 
branches are removed. ‘The danger is particularly great where the 
rotations are long, the pruned stump shoots being left for decades of 
years after pruning. 

In the pollarding form, pruning or rather lopping obviously 
comprises the harvest of the crop. 


Paragraph LXX. Key to the forms of coppice forest. 


Although coppicing is called a type of natural regeneration, it 
is an absolutely unnatural measure never adopted by primeval 
nature. Primeval forms of coppice forest proper do not exist. 

Species propagating their kind, at least partially, by root- 
suckers frequently form rootsucker forests closely resembling coppice 
forests proper. 

Chestnuts, Locusts and many other hardwoods broken down by ° 
storm may form natural sprouts as well from the stumps. Still, 
these cases are probably so scattering as not to deserve the name of 
“form of primeval coppice forest.” 

Thus there remain only two large groups of coppice forests, 
namely “Culled Coppice Forests” and “Cultured Coppice Forests.” 
In both cases we have to deal only with the large-area form or com- 
partment form of coppice. 

Woods seemingly consisting of uneven-aged coppice shoots, mixed 
in groups or individually, are dealt with as “Forms of coppice-under- 
standards” (Par. LXXIII-Par. LXXVIII), unless the standards are 
worthless and promise to remain worthless. 

A. Culled forms of coppice: 

These forms emerge either directly from omnivendible primeval 
forms, or else have passed through the intermediate stage of “culled 
coppice under standards.” 

I. Characteristic for culled coppice is: 

An even display of growth. 

A surprising density of stand. 

The presence of some weathered and worthless snags and stumps 
protruding from the even sea of coppice. 

II. Subdivisions of culled coppice: 

Uniformity being characteristic for culled coppice, sub-forms can 
searcely be singled out, unless the means of coppicing—fire or axe— 
serve as a criterion. Hence there might be distinguished 

a. The form of fire—culled coppice, and 

b. ‘The form of axe—culled coppice: 

This distinction is not made on the basis of different display; 
put on the basis of difference in treatment required by the two forms. 
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Ill. Treatment of culled coppice: 

The culled coppice is regenerated by being coppiced anew. In 
the case of fire-culled coppice, it is wise to delay the second cut as 
little as possible. 

Coppicing in patches or small groups is not advisable, the young 
shoots requiring all the light available for rapid lignification. 

An insufficient number of stumps may call for artificial re- 
inforcing. 

Improvement cuttings convert poor coppice shoots interfering 
with their neighbors from above into healthy coppice shoots pressing 
their neighbors helpfully from below. 

B. Cultured forms of coppice: 

No form of cultured forest can be obtained more easily and more 
cheaply than the form of cultured coppice. 

In the European hardwood forests, the cultured coppice of the 
past has often served as the forerunner of the cultured high forest of 
the present sylvan era. 

I. Characteristic for cultured coppice is an even stand, a dense 
stand, freedom from undesirable competitors and tree weeds. 

II. Subdivisions of cultured coppice forms are: 

a. The simple form of cultured coppice, where all shoots have 
the same age. 

b. The two-storied form of cultured coppice, where the growing 
stock displays two tiers of leaf canopy, viz.: an upper and a lower tier, 
the age of the tiers differing by the length of a rotation. 

In addition, « form of “high stumps” is usually distinguished, 
where trees are cut some six to ten feet above ground and where the 
shoots forming on that high stump are cut at short intervals. This 
form, adapted particularly for the production of fascines at levees, 
is known as: 

e. The pollarding form of cultured coppice: 

In this form, rotations of one to five years are usually adopted, 
and the “lopping” takes place in the “new wood.” 

IIL. Treatment of cultured coppice forms: 

Regeneration in the cultured forms of coppice is, of course, by 
coppicing, helped by planting stumps, cuttings, suckers and layering. 
Regeneration may proceed against the direction of the wind which 


brings the heavy frosts of spring and fall (blizzard-direction). 
Cleaning and thinning are often indicated. 


Paragraph LXXI. Critical remarks on coppice forests. 


The coppice forest generally furnishes small- 


sized timber, notably 
firewood and farm supplies, 


but no or little saw timber. Its pro- 
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duction is not so many-sided as that of the high forest, and for that 
reason not equally safe. 

On the other hand, allowing of shorter rotations, the timber 
investment is much smaller than in high forest, and the returns from 
“final yields” are more frequent. 

A comparatively small area may produce, under a coppice form, 
a regularly sustained yield. 

The soil of the forest is frequently exposed, and shows a thin 
layer of humus. Shallow soil is, however, sufficient for the welfare 
of a coppice forest. 

The water-retaining capacity of the coppice forest is small. 

Coppice forest is less exposed to storm, fire, snow, and insects 
(being broad-leafed usually), and more exposed to late and early 
frosts than high forest. As a stock pasture, it is much more pro- 
ductive than high forest; but also much more damaged by pasture. 

The expense of regeneration and of pedagogy is slight. The 
species forming shoots from below the ground and those forming root- 
suckers usually allow of long rotations. 


Paragraph LXXII. Coppice forests by species. 


A. Oaks: 

I. Culled Oak coppice: 

Culled Oak coppice is usually fireculled. The stumps do not 
tire of emitting shoots after each fire. Still, the shoots become weak, 
stunted and bushy-crowned and refuse to grow in diameter as well 
as in height. 

It is remarkable to find that these worthless shoots may be re- 
placed by strong shoots after coppicing with the axe. 

The poorer the fire-culled Oak coppice, the greater is the improve- 
ment obtainable by axe-coppicing. 

II. Cultured Oak Coppice: 

In Europe, Oak coppice is the form in which Oak bark is raised 
for tanning purposes, under a rotation of fifteen to twenty-five years. 

In America, coppiced Oak is used only for charcoal and fire- 
wood—rarely for railroad ties. Rotations yielding ties will not allow 
of ready reproduction under the coppice form, unless the soil is very 
strong. 

At Biltmore, Post Oak three inches through, White Oak ten 
inches through, Black Oak and Scarlet Oak twelve inches through 
are unlikely to sprout. 

A rotation of not to exceed forty years seems indicated. Such 
a rotation might also yield hoop poles, poles for splitwood fabrics 


and minor wagonstock. 
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~ B. Beech: ‘ 

Beech coppice yields firewood only, charcoal and so-called retort- 
wood for dry distillation. 

The sprouting capacity of the Beech invites short rotations. 
Strong soil is required. 

C. Hickory: 

Hickory coppice promises good financial results on strong soil 
only. Fires must be strictly kept in check, owing to the heavy scars 
which they inflict on Hickory. Rotations of about twenty years, low 
stumps and winter cutting seem required. 

On Biltmore soil, stumps over six inches in diameter usually re- 
fuse to sprout. 

D. Locust: 

Locust coppice densely planted on old fields seems to be a good 
investment, although the poles thus produced consist of sappy wood 
undesirable for fence posts. The young shoots suffer from a pith- 
boring moth (EHedytolopha species). 

The sprouting capacity is very good, helped by the ready forma- 
tion of rootsuckers. 

In Germany, wagon stock is obtained in rotations of twenty years. 

E. Chestnut: 

Chestnut is the American species best adapted for the coppice 
forest. Stumps of any diameter emit sprouts. A rotation of twenty 
to forty years will yield vineyard stakes, hop poles, telephone poles, 
posts, rails, ties and wood for the extraction of tannic acid; a 
rotation of five years is said to be used for the production of hoop 
poles for barrel hoops. ; 

The European complaint does not seem warranted in America 
that rotations exceeding twenty years invite a disease known as 
“heart-rot.” 

In Alsace-Lorraine, thinnings take place in the tenth year; the 
cut is made in early winter, and the stumps are sometimes pro- 
tected from the influence of frost by heaps of brush. In the Appa- 
lachians, such precautions are not called for. It is unnecessary, if 
not unwise, to reduce the number of sprouts starting from one stump 
artificially. Spring cutting and high stumps are objectionable. 

On dry and impoverished soil, or under the regime of fires, 
Chestnut coppice is hopelessly lost. 

F. Cottonwood : 

Coppice forest of Cottonwood produces match stock and pulpwood, 
The stumps have little vitality and will not endure more than four 
rotations of twenty years each. Very low stumps are required to 
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insure healthy sprouts and to encourage the production of root- 
suckers. The growth is very fast in the first years. 

G. Willows (Osier-culture) : 

Osier culture is considered a money maker in Germany where 
labor is cheap. It is now in vogue in New York and in New Jersey. 
The best species are Salix viminalis, Salix amygdalina, Salix pur- 
purea, Salix acutifolia (caspica). The rotation comprises one or 
two years. With the exception of Salix caspica, a moist soil is re- 
quired (meadow land in river bottoms) by the willows. 

The stumps do not yield a return for more than twelve to sixteen 
years. 

For the formation of an Osier grove, shoots two feet long are 
used of which about 80,000 are put in per acre. It is stated that the 
more shoots there are per acre, the better is the quality of the 
Willow, as branchy stuff cannot be used for basket making. 

Cultivation between the rows is said to be very advisable or even 
necessary, especially in the first years. There are many insects feed- 
ing on the leaves and many fungi besetting the leaves of the Willows. 

A one-year rotation is best. After three or four years, however, 
a two-years’ rotation frequently intervenes, so as to allow the root 
to develop unhampered. The shoots two years old are used for the 
framework of heavy baskets. The cutting takes place in July and 
August. Krahe, however, advises cutting in November. 

The first cost of an Osier plantation is very high. After Krahe, 
the net yield amounts to $32 per acre per annum. 


CHAPTER IV. 


THE COPPICE-UNDER-STANDARDS FOREST. 


Paragraph LXXIII. Genesis of coppice-under-standards forests and 
its methods. 


“Coppice under standards” consists of an underwood and of an 
overwood. 

The underwood is nothing but simple, even-aged coppice. 

The overwood exhibits the selection, sometimes the group form 
of high forest, and is supposed to recruit itself from seedlings. 

A. The underwood: 

I. Species: The species forming the underwood must combine 
natural sprouting capacity with shade endurance. On good soil, a 
smaller amount of both qualities is required. Excellent species for 
underwood are Basswood; Chestnut; Gum; Hornbeam; Calmia and 
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Rhododendron; on strong soil, Ash and Hickory; underneath a light 
overwood also Oak. 

II. Purpose: The underwood supplies or may supply 

a. Companions for the younger age-classes of the overwood, 
causing them to form clear boles; 

b. Protection of the soil, enriching it by its humus; 

ec. Firewood and small timber; also tanning material. 

The underwood yields a direct revenue only in case “ec.” Ob- 
viously, where there is no market for firewood or small timber, the 
underwood is only indirectly useful. 

III. Formation: For diameter, vitality and number of stumps, 
also for manner and season of cutting, the remarks of Par. LXVIII. 
A. (about coppicing) hold good. 

B. The overwood: 

I. Species: The species forming the overwood should be storm- 
firm and small crowned. Light demanders are usually preferred. 

Yellow Pines produce wide-ringed timber on strong soil and 
suffer from sleet. Good species are: White Oaks, Red Oak, Hickory, 
Walnut, Yellow Poplar, Black Cherry, Locust, Larch, etc.; on poorer 
soil Yellow Pines and Long-leaf' Pine (over Black Jack). 

II. Age-classes: The number of age-classes in a normal overwood 


equals the fraction R wherein 


Tr 

R represents the length of the rotation in the overwood, and 

r represents the length of the rotation in the underwood. 

The normal difference of age between consecutive classes is “r” 
years. 

IIT. Normal formation: The overwood is composed of “stand- 
ards” regenerated, at the year of coppiced underwood, from self-sown 
seed falling from the overwood or, in the cultured forest, from planted 
seedlings. The seedlings of the overwood grow up immerged and 
often badly endangered’in the new underwood. When this is cop- 
piced at the age of r years, an improvement cutting takes place 
simultaneously removing misshapen or damaged standards of the 
various older classes as well as the weaklings in the youngest class. 
By this improvement cutting the leaf canopy of the standards, which 
has had ample chance of enlargement during the past r years, is cut 
back to a normal limit. _ 

The older an age-class is, the smaller is the number of its con- 
stituents. 

C. Abnormal formation of overwood and underwood: 

A normally proportioned and normally formed overwood is never 
found. Deficiencies lie 
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1. In a lack of one or the other age-class; 

2. In an abnormal number of constituents per class; 

3. In the fact, that the overwood is partially recruited from 
stoolshoots and not from seedlings. 

Abnormal coppice over-standards is the usual consequence of the 
culling of primeval hardwoods or of primeval pineries forming a 
superstructure over Oaks, Hickories, Gums, etc. : 

The burned slopes and outskirts of the Alleghanies usually belong 
to the coppice-under-standard form. The fire-coppiced underwood 
here consists of Soft Maple, Calmia, Rhododendron, Chestnut, Oaks, 
Hickories, Black Gum, Sourwood, Halesia, etc., etc., all of which 
are usually devoid of value. 

Culled and fired forest of Pinus echinata, taeda and palustris 
frequently belong to the same form, with Oaks in the underwood and 
the Pines in the overwood. 


Paragraph LKXIV. Pedagogy of coppice-under-standards forest. 


Coppice under standards is or may be tended by cleaning, weeding, 
improvement cuttings, pruning and thinning. 

Thinnings are applied to the underwood only; whilst the over- 
wood alone is the object of pruning. 

A. Cleaning purports to eliminate undesirable shoots in young 
coppice, or removes desirable shoots liable to interfere with the 
development of overwood seedlings imbedded in the coppice. 

B. Weeding removes weed trees, usually tending to form new 
sprouts from the stumps of the weed trees removed. Weeding is a 
necessity where a culled forest is to be converted into a eultured 
forest, the culled forest containing a large number of weed trees. 

At Biltmore, the weed trees removed are Black Gum over- 
shadowing the coppice and the Pine seedlings standing therein; fire- 
scalded Oaks or Hickories, bent and low crowned; wolfs of Yellow 
Pine; pretentious Dogwoods or Halesias and so on. 

C. Improvement cuttings improve the prospects of the overwood, 
remove undesirable members of the overwood and regulate the number 
of the constituents forming an age-class of the overwood. “The 
normal cuttings in the overwood are improvement cuttings.” 

In semi-normal woods, the oldest class of the overwood is entirely 
removed. Class II is reduced to the former membership of Class I; 
Class III is reduced to the former membership of Class II, ete. It 
stands to reason, that the least desirable members of a class should 
be thus removed. In semi-normal woods, the improvement cuttings 
take place at the time at which the underwood is ripe for coppicing. 
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The improvement cutting yields timber of all sorts and of all 
sizes obtained from the various age-classes. 

The improvement cutting does not regularly intend to help re- 
generation. Frequently, of course, the stumps of trees removed by 
the improvement cutting form sprouts partaking in the coppice-tier. 

D. Pruning: Dead branches of the overwood trees might be re- 
moved to develop timber clear of dead knots. 

Live branches of overwood trees formed low on the bole are re- 
moved to lessen the intensity of the shade to which the underwood 
and the seedlings imbedded therein are locally subjected. 

The members of the overwood, owing to their free position, are 
apt to form and to retain heavy branches. The act of pruning in 
coppice .wnder-standards corresponds with that described in section 
sixty-three for high forest. 

The coppice is pruned only in rare instances, f. i, for the im- 
provement of oak tanbark. 

E. Thinnings are sometimes indicated in dense coppice in order 
to increase the food and light supply of the youngest age-class of 
overwood imbedded in the coppice; or in order to increase gradually 
the air space surrounding the members of that class, so as not to 
subject them to the shock of sudden exposure at the time of cop- 
picing: or to obtain the ends of Par. LXII. A., especially where 
the overwood classes appear in groups; or to improve the quality and 
the quantity of the bark in tanbark coppice. 

In all cases, the thinning must yield a surplus revenue. 


Paragraph LXXV. Key to the forms of coppice-under-standards 
forests. 


The primeval woods do not contain any form of coppice under 
standards. In culled hardwood forests, on the other hand, these 
forms are almost regularly met with. 

A. Culled forms of coppice under standards. 

I. Characteristics: Primeval hardwood forests are usually 
paucivendible only. After lumbering the merchantable species and 
sizes, a rank growth of coppice shoots frequently enters an appear- 
ance under the assistance of fires, overshadowed by poles and trees 
of all age-classes devoid of present value. Many individuals of the 
overwood are badly burned; or are hollow, fungus decayed, worm 
riddled, ete. 

Thus whilst the- underwood consists of fire coppice or shoots 
sprouting from the stumps of merchantable trees, the overwood con- 
sists of undesirable species and of immature trees usually crippled 
by firing and felling. In addition, there are plenty of weed trees 
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left on the ground. The younger age-classes of the overwood are 
usually absent. ; 

In forests originally composed of a Pine overwood and of a hard- 
wood underwood—a form once frequently found all over the South- 
east—the lumberman usually removes merely the taller Pines scaling 
over ten inches in diameter. The smaller Pines, if fireproof, hence- 
forth join with the hardwood trees and hardwood poles in the forma- 
tion of an overwood. The underwood consisting of miserable fire 
sprouts is continuously clipped by forest fires. The butts of these 
“snags” are flattened on the ground, as if liquid wood had hardened 
on it. The shoots, weakly inserted on the callus, can be torn off 
easily. 

If these snags are cut, fresh shoots will form, of much greater 
vigor and of greater strength at the point of insertion. 

II. Subdivisions of culled coppice under standards: 

The number of forms of coppice under standards is particularly 
great, owing to the variations occurring in the tiers of forest, viz.: 
the overwood and the underwood. 

a. The overwood is omni, multi, or pauci vendible, as the case 
may be. It is arranged either in groups or in patenes (individuals) 
imbedded in the coppice. ‘thus we obtain: 

1. The form of eulled coppice under standards raised in the 
group type, and : 

2. The form of culled coppice under standards raised in the 
selection type. 

b. The leaf canopy of the standards covers a certain percentage 
of the ground. This percentage, where high, forces the underwood 
into a minor role; where small, it allots to the underwood the major 
part. 

The Longleaf Pine woods of the South, after heavy culling, 
illustrate the latter form; the Shortleaf Pine woods of the Biltmore 
Plateau exhibit the former form. These forms might be designated 
as: 

1. The form of prevailing coppice under standards; 

2. The form of coppice under prevailing standards. 

c. According to the means of coppicing, there should be dis- 
tinguished 

1. The form of fire-culled coppice under standards; 

2. The form of axe-culled coppice under standards. 

III. Treatment of culled forms of coppice under standards. 

Improvement cuttings and, where improvement cuttings cannot 
be made, weeding are usually required. 

Fire coppice should be cut down, wherever the growth is stagnant. 
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An undue preponderance of standards may be checked by the use 
of the axe. 

Planting of seedlings can usually be dispensed with. Where it. 
is advisable to plant seedlings, the coppice must be cut clean to 
begin with. 

B. Cultured forms of coppice under standards: 

I. Characteristic for the cultured forms of coppice under stand- 
ards is the lack of weed trees and of unhealthy standards; further 
the geometric regularity of the figures considered as compartments 
and sub-compartments. 

The overwood is composed only of storm-firm and light-demanding 
species. 

II. Subdivisions of cultured forms of coppice under standards. 

As in the culled forest, there should be distinguished: 

a. The form of cultured coppice under standards raised in the 
group type with 

1. Prevailing coppice. or with 

2. Prevailing standards. 

-b. The form of cultured coppice under standards raised in the 
selection type with 

1. Prevailing coppice, or with 

2. Prevailing standards. 

The standards might be planted in regular rows (Charles Heyer’s 
idea) or in regular groups or—irregularly—in suitable places; or 
they might be recruited from self-sown seed under the selection type. 

ITI. ‘Ireatment of cultured forms of coppice under standards. 

The regeneration of the overwood as well as its pedagogy is 
difficult, unless the group type is carried through. Individual seed- 
lings are'very apt to be suffocated in the mass of faster-growing cop- 
pice and require continuous, careful attention. Thinnings are re- 
quired to prepare the youngest class of standards immerged in the 
coppice for its future task. 

The overwood is sometimes pruned—in this case of dead as well 
as of live branches. 


Paragraph LXXVI. Critical remarks on coppice-under-standards forest. - 


The coppice-under-standards forest combines the good qualities 
of the high forest with those of the coppice forest. It furnishes tim- 
ber of all sizes in the largest possible variety. It requires a moderate 
investment sunk into the growing stock and allows the overwood to 
grow into log size at a very fast rate. It is a good form for the 
owners of smal] woodlands desiring steady returns. It protects the 
fertility of the soil better than the coppice form. 
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The logs furnished by the overwood raised selectionwise are 
necessarily branchy and wide ringed, with the incident bad and good 
qualities of such logs. The trees usually do not yield more than two 
saw logs. 

Where the underwood is unsalable or low priced, stress must be 
laid on a prevalence of the overwood. Where it is valuable as a 
tanning material or as wagon stock, the underwood is favored. 

The danger from fire—since hardwoods are usually at stake— 
is not very great. The density of the brushy underwood, however, 
aggravates the difficulties confronting the fire fighter. 

In Europe, “ coppice-under-standards ” is more and more aban- 
doned and restricted to the inundation districts along the rivers. 
Here, on strong soil, the undergrowth endures an enormous amount 
of shade, and the overwood develops fairly long boles in spite of a 
free position. _ 

The coppice-under-standards form in Europe requires careful, 
minute and honest management: careful, because the leaf canopy 
of the overwood rapidly increases during the rotation of the under- 
wood; minute, because individual trees or groups of trees must be 
continuously watched; honest, because an unscrupulous forester or a 
thoughtless owner may easily and heavily reduce the capital of the 
forest whilst claiming to merely withdraw revenue produced by it. 

In America, in the hardwood forests of the Alleghanies and in the 
pineries of the South, the form is destined to play a most important 
role. The form exists and will have to be retained for decades of 
years to come, owing to its tempting financial merits; the ease and 
cheapness of regeneration; the short period of waiting between re- 
munerative cuts; the variety of produce; the fast rate of growth; 
the small amount of growing stock required for ‘* sustained” yields 
and so on. 

In the course of time, curtailing the cut of standards or allowing 
the coppice to grow into larger sizes, the forester may gradually con- 
vert the coppice-under-standards forest into a high forest. The 
average growing stock, per acre, in the high forest contains about 
twice as many cords of wood as the average growing stock in the cop- 
pice under-standards forest. ; 

On the other hand, by removing all standards, the form of sim- 
ple coppice is readily obtained. ; 

* In the Oak-coppice-under-Pine-standard forest of Biltmore it 
has been observed that the Pine poles suffer less from bark beetles 
than they do in the denser polewoods of the high forest of Pine. 
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Paragraph LXXVII. Coppice-under-standards by species. 


By culling and firing, every primeval forest of hardwoods exist- 
ing in the United States is converted into coppice under standards. 
Again, many, nay, almost all two-storied high forests in the South 
having Pine in the overwood and hardwood in the underwood present 
the form of coppice-under-standards in a modified manner. 

The number of constellations of species for a place in the over- 
wood and in the underwood is endless. 

A few remarks on characteristic forms must suffice. 

A. Chestnut-coppice under standards of Yellow Poplar, White, 
Chestnut and Red Oak, Hickory, Ash, Locust,—the Pisgah Forest 
form. 

Certain age-classes of the standards—the sapling stage and the 
pole stage, are invariably absent, owing to the fires of the last de- 
cades. The number of Chestnut stumps is deficient. The weed species 
of the forest (Halesia, Soft Maple, Dogwood, Calmia, etc.) readily 
replenish the coppice-stratum. The standards regenerate their kind 
readily where the weeds are not too rank. No means are known by 
which to extirpate the tree and bush weeds preventing n. s. r. of the 
standards in a sufficiently promising way. Heavy pasturage in early 
spring practiced before the Chestnut stumps had time to sprout 
and before the seeds of the standards (excepting Chestnut Oak and 
White Oak) had time for germination may solve the problem. Such 
pasturage, whilst it checks the weeds, presses the seeds of the stand- 
ards at the same time into the mineral soil. Other remedies are: 
Deadening; cutting with high stumps left; bark peeling; removing 
side branches with a brush axe, etc. However, entire extirpation of 
the ligneous weeds does not seem financially advisable at the pres- 
ent time. Frequently it might be best to leave the weeds untouched 
for the time being, postponing the battle until the undergrowth of 
seedlings and coppice shoots requires increased influx of light. Then, 
too, the cutting of the weeds will force them to be satisfied with a 
subsistence below the level of the underwood. 

Chestnut standards should not be left, since the shock of a 
sudden change of surroundings causes them to sicken. The adjoining 
woods will tend to reinforce the regeneration area by n. s. r. of Chest- 
nut, where the compartments simultaneously coppiced are small or 
narrow. Artificial reinforcing seems unnecessary although the plant- 
ing of Walnuts in suitable places may prove remunerative. 


B. Oak coppice mixed with Hickory coppice under Pine stan- 
dards. 
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This form prevails on the Biltmore Plateau and over vast areas 
in Arkansas, Mississippi, Alabama, North Carolina, South Carolina, 
ete. 

Silvicultural treatment is possible only where the Oak can be 
removed to a nearby fuel-market. 

Rotations ef thirty to forty years for the coppice seem best. 

Shorter rotations are required where the coppice is badly dam- 
aged by fires. 

In seed years of Yellow Pine, the coppiced area should be as 
large as compatible with the market. It might be wise to cut early 
in fall and to burn the coppice before the Pine seeds begin to fall. 
Seed years of Pine at Biltmore occur at intervals of seven years. 
Iinprovement cuttings should make up the sustained yield, as far 
as possible, in years of deficient seeding; or such compartments 
should be taken in hand, in which the coppice growth is richly beset 
with Pine poles and Pine saplings. 

In the course of the improvement cuttings, the nuclei of n. s. r. 
of Pine require careful attention. Weeds like Chinquapin and Black 
gum are checked wherever they obstruct the underwood; where they 
form part of the underwood, especially under groups of’ Pine, they 
should be thankfully accepted as shade-bearing improvers of the soil. 

White Pine is not adapted to the formation of standards. Dur- 
ing the earlier stages, it retains its branches badly where isolated in 
Oak coppice. During the later pole stage, it is apt to suffer from 
windfall. Groups of White Pine standards will answer better than 
standards individually scattered. 


CHAPTER V. 


PROPAGATION OF FOREST PRODUCTS OTHER THAN WOOD AND 
TIMBER. 


Paragraph LXXVIII. Raising of forest by-products. 


In many cases better revenue is obtained from the by-products 
raised in the forest, than from the wood and timber. In backwood 
sections, closed to traffic, forest pasture often yields the only means 
of obtaining revenue. In densely wooded districts, the combination 
of agriculture with tree growth is often advisable. The main prod- 
ucts thus obtained and the industries connected with their produc- 
tion are: 

A. Tanbark and raising of tanbark: 

The thickness of the bark used for tanning purposes and obtained 
either under a high forest or under a coppice forest system is in 
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creased by proper thinnings. In Oak bark coppice abroad the num- 
ber of stumps per acre is about 2,000, reinforced by stump planting 
at each cutting. The healthier the growth of the shoots, the better 
are the tanning contents of the product. 

In America, at the present time, no difference is made in the 
price of old, corky bark and of young, fleshy bark obtained from 
shoots only five inches in diameter. 

B. Cork industry: 

The cork industry is conducted in Southern France, Spain, Portu- 
gal and Northern Africa. For America, its introduction seems highly 
remunerative. 

Experiments made in Georgia and in the Carolinas with planta- 
tions of Cork Oak have produced very healthy trees; for reasons un- 
known, however, the cork production was deficient. Possibly the 
wrong species or the wrong variety was selected, or else mistakes 
were made in choosing soil, exposure and silvicultural treatment. 

Mayr recommends experiments with Quercus variabilis for the 
section of Germany productive of Castanea vesca. 

C. Forest pasture: 

Up to 1880, forest pasture in Long-leaf Pine woods of the 
South (Cane-brakes) and in the hardwood forests of the Alleghanies 
has occupied the rank of the most important forest industry. Nowa- 
days, pasture is indicated on many a windswept ridge where the 
growth of timber is stunted, whilst the atmospheric moisture allows 
of a luxurious production of grass. Under nut-bearing trees, hog 
pasture is highly remunerative. In “ strong” coves, the growth of 
weeds offers splendid forage for cattle. 

The more inaccessible the forest, the less is the value of the tree 
growth. Here an industry is advisable which converts vegetable 
fibre into animal matter. At the same time, the advantage gained 
by pasturage during and previous to regeneration frequently reduces 
the expense of regeneration. 

Whether the fencing of forest pastures is advisable depends on 
circumstances. A two-string barbed wire fence costs $40 per mile. 

Goats, as extirpators of woody weeds (Corylus, Azalea) are fre- 
quently useful on mountain pastures. 

Woody weeds damaging the pastures are kept in check by con- 
tinuous mowing, especially if mowed in August. A limited use of 
fire, too, improves the pasture. Forest pastures are invaluable as 
fire lanes. 

Pasturage of cattle extends in Pisgah Forest from May lst to 
October 15th. Sheep and hogs require feeding only in February. 
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The revenue made per month amounts to: per head of cattle, fifty 
cents; horses, seventy-five cents; sheep, ten cents. 

Where the growth of trees on a permanent pasture is too dense, 
deadening or coppicing is required. Where it is too little or where 
erosion sets in, the pasture must be abandoned for a number of years. 
Dead trees placed horizontally on pastured slopes safeguard the 
pasture. 

In European and in Indian forests, pasture still plays a most 
important role, frequently as a prescriptive right encumbering forests 
owned by the Crown or by the aristocracy. 

Relative to forest pasture in the Cascade Reserve of Oregon sce 
“ Forest Policy.” 

Forest pasture in the Pine woods of the South and of the Souch- 
west is of utmost economic importance. ; 

Forest pasturage requires regulation in the following points: 
Number of animals per acre; species of stock and of trees; season of 
rasturage; remuneration; closed years; firing; responsibility; su- 
pervision; salting; improvements; access. 

D. Forest fruit raising: 

I. Pecan. 

Large investments are being made in Pecan plantations in the 
South. , Usually seedlings three years old are planted fifty to sixty 
feet apart. Payable crops are expected fifteen years after planting. 
Cultivation and fertilization of Pecan orchards are required just as 
in apple orchards. 

II. Apple-trees planted on freshly cutover woodlands (North- 
west slopes) are said to be particularly promising. 

Ill. Chestnuts. Chestnuts are either obtained from the woods 
where Chestnut trees are grown for timber, or from orchards. In 
Pisgah Forest seed years are said to occur every seven years, The 
nuts sell at fifty cents to one dollar per bushel. The mountaineers 
burn the woods to more readily uncover the nuts. 

Orcharding combined with grafting of French Chestnuts (Cas- 
tanea vesca) on the American species has been tried in Pennsylvania 
with little success owing to forest fires. ; 

In Southern France a large revenue is obtained from the nuts 
($5 to $6 annually from a good tree). 

TV. Acorns. The acorns of the White Oaks are ground as a sub- 
stitute for coffee (Postum Cereal 80%). In addition, acorns are of 
high value for pannage and in game preserves. ; 

v. Berries. The crop of berries growing in the forest is locally 
leased to-the highest bidder. The huckleberry crop is improved by 


periodical burning. 
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E. Maple sugar: 

The production of sugar depends on the size and on the develop- 
ment of the individual trees, influenced by careful thinning. An un- 
derwood and a heavy layer of humus is helpful. Planted sugar 
orchards are rare and suffer from sun scald and from hardening soil. 

.F. Naval stores: : 

No means are known tending to increase the production of naval 
stores. The best yield is obtained from healthy, large trees. A 

G. Rubber and guttapercha. 

H. Truffles and champignons. 

I. Ginseng (Aralia quinquefolia) : 

Ginseng grows in the Alleghanies in well-sheltered north and 
northwest coves of greatest fertility. ‘The young roots are easily 
transplanted into nursery beds. The cultivation of ginseng in the 
woods, however, is not practicable. 

J. Sumach leaves: 

The leaves, used for tanning on a large scale, are gathered on 
abandoned fields in Virginia. No care seems to be devoted to the 
reproduction. 

K. Pharmaceutical weeds: 

A large number of forest weeds have a pharmaceutical value and 
might be locally propagated and fostered. 

L. Peat bogs: 

Peat bogs reproduce themselves where the top layers only are 
taken off periodically. Small benches are left between the pits 
utilized. 

M. Fish and game: 

In the Prussian State forests, twelve per cent of the annual 
revenue is obtained from hunting and fishing leases. Private owners 
in the Adirondacks and in the South draw a large revenue from leas- 
ing the exclusive privilege of hunting and fishing. For particulars 
regarding the raising and nursing of Fish and Game see lectures on 
“ Fish and Game Keeping.” 


Paragraph LXXIX. Combination of sylviculture and agriculture. 


As the woodlot belongs to the farm, so does the farm embraced 
by woodland belong to the forest. 

Strange as it sounds: The forester abroad is sometimes charged 
with the administration of more farmland than of woodland. 

A fair practical knowledge of agriculture is indispensable for tne 
administrator of forests. Truly agricultural land within the forest 
should be cleared in due course, in pursuance of the maxim that every 
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acre of.ground must be placed under the (permanently) most 
remunerative industry. 

The forest farm produces victuals for the lumber camp and for- 
age for the teams and yokes; it yields the best possible fire lanes. 

Under these circumstances it is not to be wondered at that a 
local, permanent or temporary combination of sylviculture and agri- 
culture is frequently indicated, in coppice forests as well as in high 
forests, in cultured forests as well as in culled forests. 

.\. Reasons prompting the forester to adopt “ agriculture ” may lie 
in the following moments: 

I. Frequently it does not pay to eradicate the * weeds” in the 
forest previous to artificial or natural regeneration by n. s.r. In 
such cases, the forester may take advantage of the fertility stored up 
in the humus, using it for a nuuber of years for the production of 
field crops and freeing the soil incidentally from competing weeds. 

II. Similarly the forester is often at a loss to save his regenera- 
tions from the attacks of wild or tame animals. Allowing the plan- 
tations to pass their earliest youth in the midst of farm crops which 
pay for the expense of protection from animals by immediate returns, 
protection for the plantations is obtainable at a reduced charge. 

III. The fertility stored away in the accumulated humus, al- 
though exhaustible within three or four years, frequently furnishes a 
snug revenue (especially where farmland is scarce, as in all mountain 
districts) defraying the outlay, or part of the outlay, required for 
successful reforestation. 

IV. In the prairies, agriculture must precede the tree plantation, 
which will not thrive in soil devoid of porosity. The plantation of 
trees, on the other hand, will protect the farm from drought in sum- 
mer and from high winds during winter; it will shelter the stock 
during severe blizzards, ete. 

Henry von Cotta, as early as 1819, advocated plantations of trees 
in rows twelve. feet to fifty feet apart, the intervening spaces to be 
used for agriculture. The trees and the rows were to be decimated 
gradually, and were again to be reinforced in compliance with the 
requirements of the farm. 

Cotta’s plan might be successful where drought is to be dreaded 
during summer, scorching the grass meadow and the grain field. 

B. Modern application: 

I. Field crops intervening between two generations of the forest. 

All over the pineries of the South where abandoned fields pro- 
duce splendid polewoods of Pine, the woods are cut at the thirtieth to 
sixtieth year of the trees; the soil is then used for the production of 
corn, cotton or small grain for a number of years and thereafter 
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allowed to revert to Pine planted by n. s. r. from adjoining woods. 
The same system is followed by thousands of farmers in the old 
country. 

II. Field crops temporarily raised amongst and together with 
forest crops. . 

a. In coppice forests: 

In Germany, the owners of coppice woods, after coppicing, fre- 
quently burn the debris on the ground, ploughing the soil roughly 
thereafter arid using it for growing small grain or potatoes as long 
as the fresh stool shoots do not overshadow the farm crops too 
severely. 

This system allows the farmer to continuously (although inter- 
mittently) produce field crops on steep slopes liable to wash, with 
the help of fertility furnished by the humus and by the activity of 
the tree roots. 

b. In high forests: 

1. In the early stages of sylviculture, acorns and pine seeds were 
frequently planted (like red clover) with barley, oats or: summer 
rye. Compare Par. XV for details. 

2. Sir D. Brandis has established in Burmah a system named 
“toungya” by which seedlings of Teak, planted with rice by native 
lessees on government reserves, obtain protection from wild animals 
and fires as well as from the Bamboo threatening to suffocate the 
seedlings. 

3. A similar system has been practiced since 1810 in the German 
Rhine valley where splendid polewoods of White Oak have thus 
been raised. Here in years past the returns from toungya used to 
more than cover the expense of forest planting and protecting. The 
field crops shade the Oak slightly and tend to protect it from the 
effect of late frosts as well as from the attacks of grub “worms 
(Melolonthidae) . 

4. In Western N. C., the expense of clearing the forest for field 
crops amounts to ten dollars or twenty dollars, according to the 
density of the growing stock and according to the yield derivable from 
the sale of timber removed. 

On good forest soil a few years of corn crops are apt to refund 
the outlay incurred for clearing. 

Thereafter the Pines, the Oaks, the Yellow Poplars and the 
Ashes- of the adjoining woods will quickly produce a superior planta- 
tion of trees. 

Where the soil is stocked with tree weeds, and where no im- 
mature trees must be sacrificed, the system can be strongly endorsed. 
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